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INTRODUCTION 


Is there an lowan drift? Whatever the reader may think 


about it, the question seems to be in order. Three papers have 


recently appeared in which the Iowan drift receives more or less 
attention.t Two of the papers go so far as to question the very 
existence of such a sheet of drift as that which geologists have for 

‘Frank Leverett, ‘“‘Weathering and Erosion as Time Measures,” American 
Journal of Science, XXVII, May, 1909. 

““Comparison of North American and European Glacial Deposits,’ 
Zeitschrift fiir Gletscherkunde, IV, Berlin, 1910. 

T. C. Chamberlin, ‘‘Comparison of North American and European Glacial 
Deposits,’ by Frank Leverett;”’ a review of the second paper, Journal of Geology, 
XVIII, No. 5, July-August, 1gto. 
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some time been calling Iowan. The third paper raises the question 
whether, even if there is such a drift, the name it has been wearing 
should not be applied to something else. It is possible that the 
questions raised by these papers may never be settled to the satis- 
faction of everyone, because men do not always see alike; but a 


few facts bearing on the subject may be worthy of consideration. 
CAUSE OF CONFUSION IN USE OF THE TERMS KANSAN AND IOWAN 


The doubt as to the correct use of the terms Kansan and Iowan 
is the one that deserves first and most serious attention. This 
doubt has arisen naturally and for admittedly good reasons, but 
it is all due to the fact that in the earlier discussions of the Pleisto- 
cene deposits of northeastern Iowa it was assumed that there were 
but two drift sheets east of the Wisconsin lobe which occupies the 
north-central part of the state. The two supposed drifts were 
named by McGee’ the Upper and the Lower till. The view that 
there are but two tills in this area was adopted by Chamberlin 
in his classic contribution to the third edition of The Greal Ice Age, 
by James Geikie,? and the name East-Iowan was given to what 
was assumed to be McGee's Upper till, while what was taken to 
be the Lower till was called Kansan. There are, however, three 
drift sheets in the region, and the attempts to describe three 
formations in terms of two led to confusion. In some cases the 
upper and middle sheets were described as a unit; in others the 
lower and middle were treated as one; much more frequently the 
lowest was ignored, and the descriptions of the “lower”? and 
“upper” tills were drawn from the other two. The presence in 
certain localities of a forest bed or interglacial gravels, which it 
was assumed always lay between what the authors described as 
upper and lower tills, as East-lowan and Kansan, complicated 
matters still further. There are, indeed, many positive references 
in the original texts to this forest and gravel horizon—since called 
Aftonian—as the plane of separation between the two drift sheets 

* Paper on “The Pleistocene History of Northeastern Iowa,” by W J McGee, 
Eleventh Annual Re port of the United States Geological Survey, Part I, 1891, pp. 189-577; 
and other papers by the same author. 


2 The Great Ice Age, 3d ed., chaps. xli and xlii, “‘Glacial Phenomena of North 


America,”’ by Professor T. C. Chamberlin, pp. 724-74, 1895. 
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at that time credited to the region; but if the texts relating to the 
subject are carefully read and the maps published in connection with 
them are examined, it will be seen that the view that the lower till, 
the Kansan, lies below the Aftonian is untenable. For example, 
the description of the materials and prevailing color of the upper 
till on p. 476 of the Eleventh Annual Report is true for only the 
third of the drift sheets and is at variance with the facts if intended 
to include the middle till. The same is true of the reference to the 
large granite bowlders as “the most conspicuous element of the 
upper till,” on p. 481. On the other hand, the characteristics 
assigned to the lower till in the comparisons made between it and 
the upper on p. 479, are all features that belong to the middle 
drift sheet; in no true sense are they descriptive of the sub-Aftonian. 
It is true that at the end of the paragraph there is a reference to 
the “forest bed” as a plane of separation between the upper and 
lower tills, but the characters which the author saw and so cor- 
rectly and graphically described belong to a super-Aftonian till and 
to nothing else. 

If now we turn to the chapters on “ Glacial Phenomena of North 
America,”’ contributed by Professor Chamberlin to Geikie’s Great 
Ice Age, we shall see again how the preconception that there were 
but two drifts where three actually exist, led unavoidably to con- 
fusion. It is no reflection on anyone that such confusion crept in 
in the earlier discussions. Some things are unavoidably overlooked 
by the pioneer who opens up for us new fields of science, and we 
can but admire the genius and the insight of the masters who 
taught us how to read the complicated history of the Pleistocene 
deposits of the Mississippi Valley. As in the Eleventh Annual 
Report, so in the Great Ice Age, it is two super-Aftonian tills that 
are most frequently referred to in the text, and most accurately 
represented on the map opposite p. 727 as, East-lowan and Kansan. 
The distinguishing characteristics of the upper and middle drift 
sheets could not be more clearly or more succinctly stated than is 
done on p. 760 of the work cited where, speaking of the East-Iowan, 
it is said: 

In Iowa the granitic types predominate. Immense bowlders are freely 
scattered over a portion of the surface. As greenstones prevail in the lower 
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till, there is a petrological as well as a strat igraphical basis for separating the 
two formations : 

The most notable feature of this drift sheet is its connection with the main 
deposits of loess. . The East-Iowan till sheet is, however, associated 
with loess of such exceptional extent and nature as to make this epoch especially 
notable on account of this relationship. As already stated, the till graduates 
at its edge into loess that spreads away from its border. 

The statements quoted can be interpreted in but one way. 
They are true in case the term East-lowan was applied to the 
uppermost of the three till sheets in Iowa east of the Wisconsin 
moraine. There is just one till in which “granitic types predomi- 
nate.’ There is just one of which it can be said that “immense 
bowlders are freely scattered over a portion of the surface.’’ There 
is just one that bears the described relation to the loess. While 
greenstones occur in all three of the till sheets of the area under 
consideration, it is in the middle sheet that they are most con- 
spicuously prevalent. 

The statement on p. 756 of The Great Ice Age, clearly implied if 
indirectly made, that ‘the Kansan formation emerges from beneath 
the overlapping East-lowan formation to the extent of 200 miles 
at the west”’ can apply only to a sub-lowan, but super-Aftonian 
drift. It cannot possibly apply to the sub-Aftonian for the reason 
that at the time it was written the known natural exposures of 
the sub-Aftonian were confined to a very limited area. A number 
of outcrops of this formation have since been recognized and 
recorded, but it may be questioned whether the aggregate of all 
the now known exposures of sub-Aftonian would be equal to more 
than one or two square miles. Certainly there are no known areas 
of anything approaching 200 miles in extent in which the lowest 
of our drift sheets emerges from beneath anything so as to justify 
its representation ona map. Other statements that can apply only 
to what geologists have recently and consistently been calling Kan- 
san occur on p. 757. The Kansan, we are told, “is greatly worn 
in regions where the denuding agents have worked under favorable 
conditions. . . . . In other regions of flat surface and low declivity 
the degradation is less marked, and extensive remnants of the 
original surface-plane have been preserved.” The first super- 
Aftonian drift fulfils the conditions of the parts of the text quoted 


and of many others; the sub-Aftonian does not. 
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While admitting, then, all that may be claimed for the frequent 
references to the Aftonian soils, forests, peats, and gravels, it must 
also be admitted that the descriptions in the early texts, which treat 
of the texture, color, and petrological contents of the Kansan and 
the Iowan, are based on observations made on two super-Aftonian 
drifts. If there could remain a particle of doubt on this point after 
reading the texts, the doubt would be dispelled by an examination 
of the map opposite p. 727 of The Great Ice Age. The drifts of the 
two areas represented as Kansan and Iowan respectively are both 
super-Aftonian, and, considering the state of knowledge at the 
time, the map is remarkably correct. The eastern edge of the 
Iowan could scarcely be better drawn today. With the exception 
of a few points which would be mere microscopic dots on a map of 
this scale, the whole area mapped as Kansan is covered with super- 
Aftonian till. There is not a single known natural outcrop of 
sub-Aftonian in the Kansan area east of the lowan margin. There 
are no known outcrops of sub-Aftonian in Illinois, Missouri, or 
northeastern Kansas where the map shows extensive areas of 
Kansan. It is only very recently that the presence of sub-Aftonian 
has been demonstrated in Nebraska; but even here it occurs in 
vertical sections at the base of bluffs, in such position that it could 
not well be represented on maps of moderate size. In Nebraska, 
as in practically all the rest of the area mapped as Kansan, it is 
a super-Aftonian drift that occupies the Kansan area on the map. 
In all the earlier texts and maps it is a super-Aftonian drift to which 
the name Kansan was most persistently and most consistently 
applied. 


EFFECTS ON TEXTS AND MAPS OF MAKING CERTAIN PROPOSED 
CHANGES IN THE USE OF THE TERMS KANSAN AND IOWAN 

As has been said, the imperfection of knowledge at the time the 
[lowan and Kansan drifts were named led to confusion and incon- 
sistencies of statements, and these are of such character and extent 
as to make it now utterly impossible to apply the proposed names 
in any conceivable way that will be in full accord with all the state- 
ments of the texts. The frequent and positive references to the 
horizon of the gravels and forest beds must be admitted and must 
be given full weight in determining the particular drift sheets to 
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which the names Kansan and Iowan should be applied. On the 
other hand, the original descriptions of the lower and upper till 

of the Kansan and the lowan—must have careful consideration, 
and the evidence of the map in The Great Ice Age, above cited, 
must be taken into account. The descriptions would have to be 
rewritten and the map redrawn to make them consistent with the 
view that the Kansan is sub-Aftonian. If the term Kansan is 
transferred to the sub-Aftonian, and the term Iowan to the drift 
next above,* practically the whole area represented on the map as 
Kansan would have to be changed to Iowan. The Iowan would 
then extend into southern Illinois, would cover southern and western 
Iowa, northern Missouri, eastern Nebraska, and northeastern 
Kansas. With the transfer of the term to the sub-Aftonian the 
Kansan would be represented on the map by a few dots and thin 
lines that could be seen only with the magnifier, the whole area 
comprising an aggregate of only a few sections; and in the present 
state of knowledge we could not be certain that Kansas has a cubic 
foot of Kansan (sub-Aftonian) drift. We are face to face with the 
fact that any application of the terms Kansan and Iowan involves 
some inconsistencies, is at variance with some of the statements 
in the original publications; and so long as we seem to need the 
terms and have to use them, it is only a question of how to use and 
apply them so as to do least violence to the original maps and 
descriptions. If the map and descriptive texts referred to may be 
taken as representing the intent of the authors, the practice of 
applying the terms which has been followed, and which seems now 
to come in for a certain amount of mild condemnation, is the only 
one that is reasonably consistent or possible. For it must be 
admitted that if the sub-Aftonian is to be called Kansan, and the 
first super-Aftonian drift is to be the Iowan, more than nine-tenths 
of the original descriptions are wholly erroneous and misleading, 
and the map in The Great Ice Age showing the distribution of these 
drifts is altogether meaningless and at variance with the facts. 
Recent usage in the application of the terms Kansan and Iowan is 


based on what seemed to be, and still seems to be, the only reason- 


t Sor ft t ms to be favored by what is said in the Journal of 
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able interpretation of what the authors had in mind when describ- 
ing the physical characteristics of the two drift sheets and mapping 
their areal distribution. A departure from this usage, which would 
make the sub-Aftonian till Kansan and would apply the term Iowan 
to the old, weathered till above the Aftonian, with its blue color, 
its strikingly conspicuous array of greenstones, and with relations to 
the loess so entirely different from the relations correctly described 
in the text as pertaining to the Iowan, would necessitate the making 
of radical and revolutionary changes in the map and descriptive 
texts above noted. It surely accords better with what was pub- 
lished at the time the names were applied to let recent usage remain 
unchallenged and unchanged. 


EVIDENCE CONCERNING THE IOWAN DRIFT AND ITS GEOLOGICAL 
RELATIONS 

The surprising attitude toward the Iowan drift, expressed 
in the papers by Leverett, is something difficult to understand. 
A very little field study in the right places will demonstrate: 

1. The Iowan drift is. 

2. The Iowan drift is young as compared with the Kansan. 

3. The Iowan drift is not a phase of the Kansan. 

4. The Iowan drift has very intimate relations to certain bodies 
of loess. 

5. The Iowan drift is not related to the Illinoian. 


THe Iowan Drirt Is 

To discuss the question of whether there is an Iowan drift dis- 
tinct from the super-Aftonian till that has been called Kansan is 
like undertaking a task that one knows is absolutely useless and 
unnecessary. For, while the Iowan is thin, and in places is absent, 
there is here a very substantial drift sheet overlying the Kansan 
and possessing distinctive characters of its own. The Iowan is 
separated from the Kansan by a ferretto zone in some places and 
by weathered gravels in others, while its characteristic topography 
and remarkable bowlders proclaim its presence throughout exten- 
sive areas where no sections are available. Buchanan gravels, 


distributed by volumes of water from the melting Kansan glaciers, 
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and disposed in numerous sheets and ridges, were laid down 
throughout northeastern Iowa, on top of the Kansan till, over the 
area which, but a short time previously, had been abandoned by 
the retreating ice. They are true outwash gravels. Exposure 
during the long interval between the Kansan and the Iowan has 
wrought profound changes in the decomposable granites and other 





Fic. 1.—View in the old gravel pit near Doris, Buchanan County, Iowa, showing 
an gravels, a deposit contemporaneous with the closing phase of the Kansan, 


overlain by the younger Iowan drift 


constituents of the Buchanan deposits; and now these gravel 
deposits become unimpeachable witnesses to the fact that glaciers 
belonging to a stage long subsequent to the Kansan distributed a 
new sheet of till differing from the Kansan in composition, color, 
and petrological contents. The Iowan is yellow; the Kansan, 
while normally blue, sometimes weathers yellow; where yellow 
Iowan rests directly on yellow weathered Kansan, the line of 
contact may not be as distinct and satisfactory as some observers 





eo 
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might wish; but where the Buchanan gravels intervene, the fact 
that there is a drift younger than the Kansan and perfectly distinct 
from it is as clearly indicated as that there are two drifts separated 
by the Aftonian horizon. 

Leaving out, therefore, all the evidence from the multitudes of 
well sections and all other natural or artificial exposures that do 
not show the intervening aqueous deposits, a few of the scores of 
points where a young till overlies super-Kansan gravels may be 





Fic. 2.—View in the same pit a few rods west of point shown in Fig. 1, taken while 
work of excavation was in progress, showing the uneven line of contact between the old 
gravels and the younger, overlying Iowan. The irregularity in the contact line may 


be due to plowing or gouging by the Iowan ice. 


cited. The best-known of these is the old Illinois Central gravel 
pit near Doris in Buchanan County, a point that has been fre- 
quently mentioned. Here are gravel beds with a maximum thick- 
ness of fifteen feet or more. The deposit furnished many hundreds of 
carloads of railway ballast annually for a number of years. In the 
central part of the pit the gravel was taken out down to the blue 
Kansan till, and balls of the same blue till are included in the 
deposit. At the east end of the excavation there are at least ten 
feet of yellow till above the gravel, recording a later, newer stage 
of glaciation. The thickness of the later deposit is variable, for it 
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was laid down on an uneven surface; but at the point illustrated 
in Fig. 1, the section of the till, including the black loam at the 
top, is about eight feet. That the later and newer till is uncon- 
formable on the gravel is shown in Fig. 2. The typical bowlders 
of the lowan drift belong to this overlying till; there is nothing 
corresponding to them in the blue Kansan. In the process of 
excavation a number of the Iowan bowlders were undermined and 
allowed to fall into the pit. One such, perched on the brink of 
the excavation, is shown in Fig. 3, and a larger-sized companion, 
completely undermined, has fallen in. The typical, young, un- 
eroded, bowlder-dotted surface of the younger drift, which stretches 
away from the margin of the old working, is illustrated in Fig. 4. 

A quotation or two from the report on Buchanan County, Jowa 
Geological Survey, VIII, may be pertinent. On pp. 239-40 we read: 

\ very common relation of Pleistocene deposits is illustrated in the well 
section on the land of J. W. Welch in the southwest quarter of Section 28, 


Buffalo Township. The record shows: 
Fee 
3. Dark soil and yellow till 4 
Reddish, ferruginous sand and gravel. 23 
1. Blue clay, penetrated. I 


No. 3 of this section is Iowan drift, No. 2 is Buchanan gravel, and No. 1 


is Kansan till.! In the same quarter section another well shows, 
Feet 
3. S 1 yellow till 22 
Reddish gravel II 
Blue clay, with pockets of sand. 19 


\lthough the thickness varies considerably, the members of this last 


rally the same as the corresponding numbers of the one above. 


In another part of the same report, p. 209, it is recorded that 
“the eastern part of Fairbank Township is a very level, dry plateau 
in which a sheet of Iowan drift varying from two or three to thirty 
feet in thickness overlies an extensive bed of Buchanan gravels. 
The plateau is a unique piece of prairie land, without the usual 
undulations, and without any indications of imperfect drainage. 
rhe underlying gravel seems to afford an easy means of escape for 


the surplus surface waters.”’ 


Owing t n error proofreading the terms Iowan and Kansan are transposec 
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Many similar cases could be cited, but it surely is not necessary 
to multiply arguments in support of a fact that is so perfectly 
obvious as the existence of the Iowan drift (Figs. 1 and 2). There 
is no sheet of till that has more distinctive characters, more definite 
stratigraphic relations. A glacial deposit showing thicknesses of 
4 feet, 10 feet, 22 feet, 30 feet, a deposit with distinctive bowlders 
of enormous size, a deposit that is young, fresh, uneroded, and 
separated from the Kansan by a weathered ferretto zone and pro- 
foundly altered gravels, is certainly a very real and substantial 





Fic. 3.—View in the Doris gravel pit, showing undermined Iowan bowlders; 
one is still perched on the brink of the excavation; the larger companion has fallen 
into the pit. 
thing that may not be disposed of by referring to it as “only the 
weathered surface of a drift,” or by the use of such a qualifying 
phrase as “so-called Iowan.” 

That there are two gravel horizons in this region—one Aftonian, 
the other Buchanan, one below the blue Kansan drift, the other 
above it—is indicated by two wells near the northwest corner of 
Section 22, Buffalo Township, Buchanan County. One of the 
wells, 152 feet deep and ending in gravel (Aftonian) which lies 
beneath the Kansan, furnishes a constant stream of water an inch 
in diameter; the other, which is not flowing, is 25 feet deep and 
ends in a bed of Buchanan gravel which overlies Kansan. 
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From the other counties included in the Iowan area comes 
evidence of the distinctive character of the Iowan drift similar to 
the evidence from Buchanan. Probably the banner county in lowa 
for inter-Kansan-Ilowan gravels is Floyd. Here are scores of 
exposures, occupying every conceivable position from the flood 
plains of the streams, like the Little Cedar, the Cedar, and Flood 
creeks, which carried off the waters from the melting Kansan ice, 
to the highest points on the broad, monotonously level, uneroded 
divides; and in every case within the Iowan area where these old, 
weathered gravels are known to be present; they are overlain by 
deposits indicating a much later and newer glacial episode. It will 
be sufficient to note only a few of the numerous cases which have 
been observed. At the old brickyard west of the fair-ground in 
Charles City the material used was a five-foot bed of loam and 
yellow clay carrying Iowan bowlders four to five feet in diameter, 
and overlying the valley phase of the Buchanan gravels, which, 
in the neighborhood of Charles City, attain an enormous develop- 
ment. For some miles above Charles City, on the west side of 
the Cedar River, the old valley gravels may be seen passing under 
a thin bed of young, bowlder-bearing loam and clay which covers 
the gentle slopes and passes up over the flat divides. A boring 
with a post auger within the bowlder-strewn area went through the 
thin edge of the Iowan loam into the underlying gravels. The 
holes dug for some recently set telephone poles along the road and 
a small stream trench some distance up the slope in the field show 
the same relation of bowlder-bearing loam to the Buchanan beds. 
A young glacial deposit overlies super-Kansan gravels; at one 
point in the trench the gravels rest on the blue Kansan till. 

rhe same story is told, though in a slightly different way, by 
the majority of the many ‘mound springs”’ of this part of Iowa. 
Mound springs are peaty, boggy places on the hill slopes, due in 
most cases to the presence of upland gravels lying on impervious 
blue Kansan, and all covered by the younger sheet of lowan. The 
gravels in such cases are reservoirs holding large quantities of water, 
and this escapes on the slopes near the plane of contact between 


the reservoir and the underlying clay at the point where the con 


ditions are most favorable, presemably where the lowan cover is 
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thinnest. The dry upland slopes above the level of the peat, as 
well as the dry slopes below that level, are liberally sprinkled with 
Iowan bowlders imbedded in loam and clay and ranging up to more 
than 12 feet in diameter. These bowlders are in themselves ade- 
quate evidence of a glacial invasion at a time subsequent to the 
gravel-iorming phase, for they were not transported and deposited 
by either wind or water. 





Fic. 4.—View looking north from the margin of the Doris pit, showing the young, 
uneroded, bowlder-strewn Iowan drift plain; a very typical view in the area occupied 


by this young drift. 


Typical examples of mound springs, easily accessible from 
Charles City, anid showing the stratigraphic relations of Kansan, 
Buchanan, and fowan deposits, occur on both sides of the railway 
in the north half of Section 2, Township 95, Range 15. Preliminary 
to laying a water pipe from the springy belt to the barn on the land 
of Mr. W. E. Waller, south of the railway, a shallow well was dug 
on the dry ground just above the peat; and this passed through 
the cover of Iowan bowlder-bearing loam and clay, and through 
the thinned edge of the rusty gravels, down far enough to make a 
water-tight basin in the blue Kansan. A deeper well near the 
barn, with 12 feet of gravel and 60 feet of blue clay, may be cited 
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to show the constant relation of the prevailing gravels of the region 
to the typical Kansan drift. The same relation is shown in the 
fine Pleistocene section which occurs a few rods north of the Mitchell 
County line, not far from the southwest corner of Section 14, 
Township 97, Range 17. Here, in the south bank of Rock Creek, 
is an exposure of typical Kansan, blue in color and breaking into 
the characteristic polyhedral blocks, with an exposed thickness of 
50 feet; at the top is a discolored, weathered zone three to four 
feet thick; next in order is a gravel bed, rusted and rotted, thick- 
ness about two feet; and all is covered by a thin loamy deposit 
carrying many fresh bowlders of varying size, belonging to a post- 
Buchanan stage of glaciation—the Iowan. 

But it is certainly unnecessary to offer additional evidence along 
this line. Cases of the kind already cited may be multiplied 
indefinitely. Fortunately the Buchanan gravels are especially 
well developed in northeastern Iowa, and in the Iowan area they 
uniformly afford indubitable evidence of a younger, newer, later 
stage of ice invasion. Outside the Iowan area, as at Colesburg, 
Delaware County, on the east, and at Iowa City on the south, the 
Buchanan gravels are covered with heavy deposits of loess, and 
without the least suggestion of later glaciation. Some very impor- 
tant event, later than the deposition of the gravels, an event which 
caused the deposition of a body of till ranging up to 20 or 30 feet 
in thickness and carrying bowlders more than 12 feet in diameter, 
occurred within the Iowan area and did not occur outside of it. 
What was that event? Observations in and around the area lead 
unavoidably to but one conclusion, a conclusion that admits of 
no question: 

The Iowan drift is. 


fue Iowan Drirt Is YounG as CoMPARED WITH THE KANSAN 
The superposition of the Iowan till and the great Iowan bowlders 
on the weathered Buchanan is all the evidence needed to demon- 
strate that the Iowan is younger than the Kansan. The freshness 
of the granites in and on the lowan—many with the sharp angles 
caused by fracture unaffected by weathering (Fig. 10), while the 


granites of the Buchanan are very largely in an advanced stage of 
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decomposition—lends strong support to the view that the Iowan 
is separated from the Kansan by a very long interval of time. 
The relative youth of the Iowan may, or may not, be indicated 
by the fact that in places the formation is still very calcareous up 
to the grass roots. A concrete illustration of calcareous Iowan is 
seen in a shallow well near the northwest corner of the southeast 


quarter of Section 21, Township 95, Range 17. It should be stated 





Fic. 5.—View at the Dykeman quarry in Section 26, Township 97, Range 17, 
showing part of an area of thin drift, in which neither Iowan, Kansan, nor Nebraskan 


can be recognized. 


that the later investigations show that this young drift is variable 
as to the amount of the lime content; for in such localities as that 
just cited it seems to be as rich in calcium carbonate as the Wis- 
consin, while in other places it gives no reaction with acid. The 
original statement concerning this constituent of the Iowan drift 
was based on facts which remain true for the localities which had 
then been tested; but the writer has long since ceased to attach 
much importance to the acid test as a basis for determining the 





592 SAMUEL CALVIN 


relative age of drift. The splendid piece of work by Dr. R. T. 
Chamberlin in the St. Croix region’ shows how a very young 
drift may exhibit no trace of lime, while a much older one may give 
vigorous reactions. In each and every case the amount of calcium 
carbonate present at or near the surface of a deposit of drift will 
depend on the original composition of the till and the movements 
of the ground waters. The same drift sheet gives very different 
reactions in different localities. The work in Taylor County in 
1910 showed very large quantities of lime carbonate in the form 
of segregated sheets and nodules, distributed along the joints in 
the highly weathered zone of the old Kansan. The lime came 
practically to the surface and was turned up among the grass roots 
by the plow. Along the roadsides, where the highway had been 
recently worked, it was breaking down to powder and mixing with 
the crumbling clay; and a sample of the old drift taken at the very 
surface might have given such energetic reactions to the man with 
the acid bottle as to lead him to think that he was dealing with the 
youngest glacial deposit in Iowa. Just why it is that both the old 
Kansan and the young lowan should be so very calcareous up to 
the grass roots in some localities, while showing no traces of lime 
in others, could be explained, in some cases at least, on the basis of 
physical characteristics and relation to surface and sub-surface 
drainage; but it will be sufficient here simply to record the fact 
and repeat the obvious inference that acid tests applied to drift 
sheets are of exceedingly small importance in the determination 
of relative age. The acid bottle, intelligently used, has its place; 
but the user must be careful to recognize its limitations. 

Among the evidences of youth in the Iowan drift is the fact that, 
in its typical areas, it is uneroded and imperfectly drained. The 
area selected for illustration in Fig. 7 of the article from the A meri- 
can Journal of Science, and again in Fig. 5 of the paper reprinted 
from the Zeitschrift fiir Gletscherkunde, and offered as ‘the type of 
erosion”’ in the Iowan drift or as something ‘showing topography 
of a so-called Iowan drift plain,” is a somewhat unfortunate and 
misleading choice for the reason that it is representative of but a 


Rollin T. Chamberlin, ‘Older Drifts in the St. Croix Region,’ Journal of Geology 
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small fraction of the real Iowan drift plain. It embraces the 
headwaters of Otter Creek, the valley of which belongs to one of the 
numerous small, exceptional areas in which there is no drift of any 
kind, neither Nebraskan, Kansan, nor lowan. Within the southern 
edge of the map, and at Hazelton, less than a mile farther down the 
valley, the Niagara limestone is exposed in natural cliffs or quarry 
faces, forming continuous exposures along the streams in Sections 





Fic. 6.—View taken east of the diagonal road in Section 28, Township 95, Range 


15, Showing typical driftless hills in the belt of country west of the Cedar River. 


2 and 10 of Hazelton Township. A part of Section 2 is included in 
the map. There are outcrops below the village of Hazelton; and 
in the roads on the sloping sides of the valley, up to the summit 
of the slopes, rain, wash, and wear of traffic have exposed the fos- 
siliferous Niagaran dolomite, so thin and meager is the Pleistocene 
in this anomalous area. A full discussion of the Niagaran outcrops 
in this practically driftless valley will be found on pp. 217-20, 
Towa Geological Survey, VIL, published 1898. Describing one of 
the quarries in Section 10, the report says: ‘The height of the 
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vertical quarry face is about fourteen feet. The upper two or 
three feet is made up of soil, reddish-brown residual clays, and 


decayed fragmentary limestone.” It will be noted that there is no 
recognizable drift; and if the area mapped is to be used to prove 
that there is no Iowan, with equal force, fairness, and cogency 


certain parts along its southern margin, together with the whole 





View on north side of the road passing through the middle of Section 21, 
Township 84, Range 18, showing the marly, fossiliferous phase of the Lime Creek 


shales at the surface, with no overlying drift of any age. 
valley of Otter Creek southward, might be used to prove that there 
are no glacial deposits of any sort within the whole state of Iowa. 

It would be possible to select a great many points within the 
Iowan area, that are driftless or practically so, where Pleistocene 
deposits are wholly absent or are represented by thin beds of sandy 
loam or a few stray bowlders. One such begins in the eastern edge 
of Independence and extends eastward over the stony hills for more 
This is part of a belt some miles in length bordering 


than a mile. 
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the Wapsipinicon River. The valley of the Cedar River, the 
anomalous characteristics of which are recognized and noted, if 
not explained, in Jowa Geological Survey, XIII, 298, 306, affords 
numerous examples (Figs. 5, 6). For some unaccountable reason 
the parts of the state occupied by the Lime Creek shales have an 
unusual number of driftless patches, some of which have dimensions 
of several miles. A rather small, but typical area of the kind occurs 





Fic. 8.—View on ridge in Section 3, Washington Township, Chickasaw County, 
Iowa, showing the largest bowlder in the county rising out of a heavy growth of small 


grain. 


in Section 21, Township 84, Range 18 (Fig. 7). Large areas, 
almost continuous, occur over the ten-mile stretch between Mason 
City and Rockwell; and on the south side of Lime Creek there is a 
belt, practically driftless, two or three miles wide, all the way to 
Rockford. There may be bowlders in these areas, even where the 
other constituents of the drift are absent; and in no small propor- 
tion of the territory under consideration, ‘the soil through which 
the farmer drives his plow is made up of decomposed shales of 
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Devonian age.” The collector may gather Lime Creek fossils in 
the pastures and cultivated fields. The peculiarities of these 
areas, so far as they are seen in Cerro Gordo County, are noted in 
Towa Geological Survey, VIII, 175, where, years ago, the statement 
quoted was published 

With the exception of the sub-Aftonian, or Nebraskan, which 
does not give character anywhere to parts of the glaciated territory 
large enough for mapping, each drift sheet has its characteristic 
topography which prevails over the major part of its area, and each 
has its exceptional phases which affect but a small percentage of 
its surface. There is a broad belt of typical lowan between the 
Wapsipinicon and the Cedar, north of Walker. With the exception 
of a narrow strip west of the larger river, the broad area between 
the anomalous Cedar and Flood creeks in Mitchell, Floyd, and 
Franklin counties is as strikingly level, uneroded. and free from 


lrainage courses as much of the typical Wisconsin, and in some 


places it is also quite as calcareous. Flood Creek is simply a prairie 
stream that scarcely breaks the monotony of the plain that extends 
from the Cedar to the Shell Rock; through its entire course north 
of Nora Springs, even the Shell Rock flows in a young, shallow 
trench cut in the otherwise unbroken Iowan plain. Areas such as 
these—scores of miles in length and width, with scarcely a drainage 
trench outside the channels of the larger streams—illustrate the 
real type of erosion in the Iowan; these show the topography of a 
real lowan drift plain, and it is scarcely necessary to add that that 
topography is characteristic of youth. 

The typical bowlders of the Iowan are coarse feldspathic 
granites in no way remarkable for their power to resist the destruc- 
tive agencies of weathering, and yet very little decomposition has 
taken place amongst them since they were left exposed at the time 
of the retreating Iowan ice. In some way, either before or during 
transportation, many of the bowlders were fractured, and in such 
cases the angles are still comparatively sharp (Fig. 10), while bowl 
ders of corresponding texture in the Buchanan gravels or in the 


weathered zone of the Kansan drift are completely decayed. 


lopography, bowlders, and stratigraphic position all unite in 


support of the the SCS. 


I 
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The Iowan drift is young as compared with the Kansan. 

The Iowan drift is not a phase (weathered or unweathered) of the 
Kansan. 

The statement on p. 282 of the paper on ‘Comparison of North 
American and European Glacial Deposits,” to the effect that the 


Iowan bowlders ‘are found chiefly in shallow draws, called sloughs, 





Fic. 9.—View in Section 14, Township 95, Range 


/ 
ia 
j 


owlder of the Iowan type in a dry, cultivated field. 


at the heads of the valleys or drainage lines,” has no special signifi- 
cance even if it were fully justified; but the fact is that the Iowan 
bowlders occur in various relations to the rather featureless topog- 
raphy of the region to which they are confined. The largest mass 
of granite in Chickasaw County is on the highest ridge of the whole 
region, midway between Devon and Alta Vista. There are three 
Iowan bowlders in Floyd County especially noted for their com- 
manding size, and each is located on dry upland. One of these 
(Fig. 10) occurs less than two miles southwest of Charles City, in 


the northwest quarter of Section 14, Township 95, Range 16. It 
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lies in a cultivated field on the long gentle slope above the road 
which follows the north line of the section. The dimensions above 
ground are 27X21X11 feet. Some of the faces are surfaces of 
fracture, and the angles remain sharp and unaffected by weather. 
A fragment of smaller size, evidently split off from the larger mass 


during the time of transportation, equally fresh as to angles and 





Fic. 1 View in Section 14, Township 95, Range 16, showing one of the largest 


| most typical of the Iowan bowlders on dry ground, with sharp angles unaffected 


general surface, lies a few rods to the northeast. A very fine 
11), more massive than the Charles City specimen, 


i 


bowlder (Fig 
unbroken in transportation, lies near the southeast corner of the 
city park in Nora Springs, and there are neither “draws” nor 
‘sloughs’ anywhere near it. Probably the largest bowlder in the 
state, the largest so far recorded, occurs in a dry pasture near the 


southwest corner of Section 22, Township 94. Range 15 (Fig. 12). 


It is more than forty feet in length, a block of characteristic lowan 
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granite of royal proportions. In some parts of the Iowan area, 
notably in the region between the Cedar and Little Cedar east of 
Charles City, the bowlders are distributed in trains which stretch 
across the country from northwest to southeast without respect to 
sloughs, while intervening spaces of essentially the same topography 
are practically free. The fact is, however, that the bowlders may 


be anywhere; upland or lowland seems to make no special differ- 





Fic. 11.—View in Nora Springs, Iowa, showing a large and very typical Iowan 
bowlder on dry upland, near the southeast corner of the city park. 


ence; their distribution follows no constant rule, except one: 
typical Iowan bowlders are strictly limited to the area of the Towan 
drift. 


Tue Iowan Drirt Has CERTAIN VERY INTIMATE RELATIONS TO CERTAIN 
Bopies OF LOEss 

he discussion of the loess and of Calvin’s attitude toward it, 
on pp. 298-99 of the Berlin paper, is based on so many misappre- 
hensions that the task of straightening out the tangle is one too 
hopeless to be undertaken. There are bodies of loess belonging to 
different ages, but there is one loess that stands in intimate and 
close relation to the Iowan drift. The view that the loess is chiefly 
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an interglacial deposit is in no way inconsistent with the earlier 
view—and the view still entertained so far as the source of the 
deposit is concerned—‘‘that the loess is a silt derived from the 
finer materials of the Iowan drift.” That a certain deposit of 
loess was derived from the lowan is a conviction that grows stronger 


and stronger as the work is prosecuted farther and farther in the 


CLARIILES 
LAS SD iy 
ASHUA 





View near the southeast corner of Section 22, Township 94, Range 15 
g ibly the largest Iowan bowlder in the state; and this lies in 
field; and outside the paper under consideration there has never 
been any “abandonment of the view that there is an Iowan drift 
correlating with the loess.” 
The Buchanan gravels are an interglacial deposit. They are 
not of glacial origin, and they lie between two sheets of drift. The 


fact that they are interglacial, however, gives no adequate ground 
to infer that they were not derived from the Kansan, or that there 
has been an abandonment of the view that there is a Kansan 


ik 
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drift correlating with the Buchanan gravels. The Iowan loess is 
related to the Iowan drift in much the same way that the gravels 
are related to the Kansan. The earlier view was that the loess 
was deposited at the time of maximum development of the Iowan 
glaciation, when the Iowan area was still covered with ice. The 
only modification of that view at the present time is that loess 
deposition took place after the Iowan ice had retreated to a greater 
or less extent, after an interglacial interval had actually begun. 
By such retreat extensive mud flats were left, and as these dried 
before becoming covered with vegetation, strong winds coming, 
probably, from the ice fields to the north, carried fine sand and dust 
from the bare surfaces and deposited them beyond the edge of the 
Iowan area, out upon the old, eroded Kansan. For the development 
of loess three things seem to be necessary: (1) a gathering-ground 
of extensive bare and dry surfaces, such as would be furnished 
by the part of the Iowan area from which the ice had retreated; 
(2) winds to transport the materials from the dried mud flats; (3 
anchorage such as would be furnished most extensively by the 
vegetation of the extra-marginal Kansan surface. The bare Iowan 
area afforded no anchorage, but it was an excellent source of supply. 
Waters carried and sorted materials from the Kansan till and 
deposited the interglacial formation called Buchanan gravels; winds 
picked up from the Iowan till such materials as they could trans- 
port, and deposited amidst the vegetation of the extra-marginal 
territory the interglacial formation known as the Iowan loess. 
The genetic relation of the loess to the Iowan drift is not so very 
unlike the corresponding relation of the Buchanan gravels to the 
Kansan; and So far as genetic relationships are concerned, there has 
been no abandonment of the view originally proposed. 

The color, composition, and calcareous content of the Iowan 
loess are in perfect accord with the hypothesis just expressed; its 
geographic distribution around the lobed margin of the Iowan area 
agrees also with the view; the great thickness of this loess at and 
near its inner margin, and its thinning out with increasing distance 
from the source of supply, corroborate all the other lines of evidence; 
while the great amount of eolian sand associated with it in a narrow 


belt surrounding the lobes of Iowan drift lends additional support. 
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[The Missouri River loess and all other loess deposits which have 
evidently been derived from the broad flood plains of near-by 
rivers, have a similar distribution relative to their source; they are 
thickest and coarsest near the gathering-ground and become 
thinner as the distance from the base of supply increases. All 
the facts connected with the origin, composition, and distribution 
of the loess are perfectly explicable without resorting to the 
hypothesis that “a considerable part was derived from the great 
plains east of the Rocky Mountains.” Studies in the field afford 
overwhelming evidence that, genetically and geographically, the 
Towan drift has very intimate relations to certain bodies of loess. 


Tne Iowan Drirt Is Not RELATED TO THE ILLINOIAN 


It is scarcely necessary to discuss the suggestion that the Iowan 
may be correlated with the Illinoian. Parenthetically it may be 
said that if the Iowan and the Illinoian represent the same stage 
of glaciation, the name Illinoian becomes a synonym for Iowan, and 
we shall be reduced to the painful necessity of referring to one of 
our most beloved drift sheets as the “so-called Lllinoian.” But 
no such calamity awaits the Illinoian. The Iowan is much the 
younger of the two. As indicated by the structural and genetic 
relations above noted, the Iowan —a little later probably than its 
maximum stage—is practically contemporaneous with the loess; 
and as the Berlin paper, with noteworthy lucidity, correctly states 
on p. 299; “the Sangamon interval separates the loess from the 
[llinoian stage of glaciation so widely that there would seem to be 
no relation between loess deposition and Illinoian outwash.” The 
same long interval, the same wide separation, exists between the 
Iowan and the Illinoian stages of glaciation. The two drifts are 
not related in time or in any other way. All the facts which may be 
gathered from the most thorough investigations in the field, support 


this last proposition: 
The Iowan drift ts not related to the Illinoian. 
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SECTION I. INTRODUCTION 


GENERAL 


According to the present general conception the theory of 


isostasy consists of two main postulates, first that the elevated 


portions of the earth are deficient in density, and second that the 


TY) 
iil 


aterial of the earth is comparatively weak. It is generally ac- 


cepted that these two postulates are inseparable, for it is argued 


( 


the one hand that, if the elevated portions are deficient in 


density, readjustment involving deformation and failure must have 


} 


taken place in order to compensate for the large mass of material 


ded from the lands and deposited in the sea; and it is contended 
the other hand that, if the earth is weak, it could not support 
mountains and continents unless they are compensated by a 

t of density below. In accordance with these two main postu- 
tes it is conceived that the dominant type of earth deformation 
nsists in vertical movements between various segments accom- 
by lateral flowage of rock beneath and possibly crumpling 


1e border zones. This conception is not only applied 


e major earth segments, the continents and oceans, but to 

smaller units of the continents as well. 
lhe theory of isostasy is a decided contrast to the alternative 
ion that the earth is strong enough to support the continents 


ins even though there are no compensating density 
es, that changes of weight at the surface do not produce 
yvements of the segments in a weaker substratum, and 
the dominant type of deformation is folding and upwarping 
e to lateral compression 

Che theory of isostasy if correct would be of fundamental impor 

© the geologist in interpreting earth movements. 
Previous to Hayford’s geodetic investigation the conceptions 
isostasy were largely speculative. After a comprehensive study 
deflections of the plumb bob carried out by the United 


Coast and Geodetic Survey under Hayford’s direction, 
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the rather startling conclusions were reached that the excesses 
of mass composing the continents and mountains are completely 
compensated by deficiency of density below and that this deficiency 
of density extends to a depth of samething like 60 to 150 miles. 
These conclusions lent strong support to the theory of isostasy. 
Considering the completeness of the density compensation, there 
seemed to be no escape from the conclusion that readjustments 
of the nature postulated by isostasy are continually taking place. 

With the theory of isostasy apparently on such a firm basis, 
Hayford and others have elaborated the conceptions of earth move- 
ments involved in the theory, but these further inferences have not 
met the approval of many geologists. 

The possibility that Hayford had made an error in his geodetic 
work suggested an investigation which is the basis of this paper. 
The attempt has been made, first, to examine Hayford’s geodetic 
work apart from any inferences which may have been drawn from 
it, and second, to examine the theory of isostasy with reference 
to inferences from geodetic evidence and also on general grounds. 
This paper has accordingly been divided into two main parts 
entitled “The Geodetic Work of John F. Hayford” and ‘* The 
Theory of Isostasy.”” A “Summary of Conclusions” is given at 
the end. 

It seemed highly desirable in connection with the criticism of 
Hayford’s geodetic work that several of the terms employed 
should be defined. 

DEFINITIONS 

‘Tsostatic compensation’ is the compensation of the excess of 
matter at the surface (continents) by the defect of density below, and 
of the surface defect of matter (oceans) by excess of density below.” 
“Isostatic compensation” will also be referred to simply as **com- 
pensation’ and an area or segment of the earth will be spoken of 
as “‘compensated”’ if there is isostatic compensation of the excess 
or defect of matter over that area or at the surface of the given 
segment. From the above definition it follows that there will be, 
in general, a density difference between an average sea level segment 


' The Figure of the Earth and Isostasy, U.S.C. and G.S., 1900, p. 67. 
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of the earth and a compensated segment, the surface of which is 
not at sea level. This density difference will be called the “ compen- 
sating density difference.” 

The **depth of compensation”’ for any segment of the earth is the 
greatest depth below sea level at which there is a compensating density 
difference. This is different from the definition of Hayford which 
makes the ‘‘depth of compensation” the depth “within which the 
isostatic compensation is complete.’’ The former definition allows 
for the possibility of a compensation which is not complete. 

The ‘distribution of compensation”’ for any segment of the earth 
is the manner of variation of the compensating density difference with 
respect to depth. If the compensating density difference is uniform, 
the distribution of compensation is uniform; if it is uniformly 
varying from a maximum at the surface to zero at the depth of 
compensation the distribution of compensation is uniformly 
varying 

The ‘‘degree of completeness of isostatic compensation” is 
an expression used by Hayford. After defining the depth of com- 
pensation as quoted above, he says, “‘ At and below this depth the 
condition as to stress of any element of mass is isostatic; that is, 
any element of mass is subject to equal pressures from all directions 
as if it were a portion of a perfect fluid. . . . . In terms of masses, 
densities, and volumes, the condition above the depth of compen- 
sation may be expressed as follows: The mass in any prismatic 
column which has for its base a unit area of the horizontal surface 
which lies at the depth of compensation, for its edges vertical lines 
(lines of gravity) and for its upper limit the actual irregular surface 
of the earth (or sea surface if the area in question is beneath the 
ocean) is the same as the mass in any other similar prismatic column 
having any other unit area of the same surface for its base.’’ This 
condition of course follows from Hayford’s definition of depth of 
compensation, but it would not hold for the definition adopted in 
this discussion unless the compensation were complete. Hayford 
continues as follows: “If this condition of equal pressures, that is, 
of equal superimposed masses, is fully satisfied at a given depth 
the compensation is said to be complete at that depth. If there 


is a variation from equality of superimposed masses the differences 
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may be taken as a measure of the degree of incompleteness of com- 
pensation.’’* In order to make this idea exact, let A and B (Fig. 1) 
represent two columns each of horizontal cross-section, a, and 
extending to the depth of compensation, /,, the upper surface of A 


being # miles above sea level and a 
—— 





the upper surface of B being at sea ‘ 

level. Let the weight of A equal | sea leve/ 
W., and the weight of B equal Ws. - 

If there were no isostatic compensa- 


tion, and if the densities of A and B 
were the same at similar depths, then 











W., would be in excess of Wz, by the h, 
amount ah, where 6 is the mean 
surface density of the earth. If this | 
excess of weight were entirely made = 

: = 





up for by a deficiency of density 
below, compensation would be com- 
plete. Therefore let the ‘degree of 
completeness of isostatic compensation” for any segment, A, be 
defined as 


v= adh — ( Wa —Wap,) 
aoh 


The quantity in parenthesis is the amount by which the weight of A 
is in excess of the weight of B. The whole numerator is, therefore, 
the weight which has been made up for by a deficiency of density 
below the surface and the entire fraction is a number expressing the 
part of the weight, a5, which has been made up for. The above 
formula holds equally well for land and ocean areas if # be taken 


positive above sea level and negative below. 


FOR LAND AREAS 
1. If W4< Wepthen M >1 
2. If W4=We then M=1 
3. If W4—Wp=adh then M=o 
4. If W4—Wp>adhk then M<o 


' The Figure of the Earth and Isostasy, 1909, p. 67 











605 HARMON LEWIS 


U 


FOR OCEAN AREAS (/t BEING A NEGATIVE QUANTITY) 


1. If W4 >We then M>1 

Ii Wo Ip then M=1 
3. If W4—Wp=adhk then M=o 
3. If W4—Wa< adh then V<o 


When 1/=0, there would be no isostatic compensation. The 
condition that MW is negative is equivalent to a distribution of den- 
sity so related to the surface that the material under any surface 
is heavier than the material under a lower surface. There would 
be no isostatic compensation in this case. In view of the facts 
brought out by Hayford the fourth case is, however, very improb- 
able. 

‘“Over-compensation”” is such an isostatic compensation that 
M>t1. 

‘Complete compensation” is such an isostatic compensation 
that M=r. 

‘*Under-compensation”’ is such an isostatic compensation that 
o<M<1. 

Isostatic compensation is considered the more complete, the 


closer M approaches to 1. 


SECTION Il. THE GEODETIC WORK OF JOHN F. HAYFORD 
BRIEF DESCRIPTION OF HIS WORK AND METHODS 


On certain assumptions as to the size and shape of the earth and 
as to the position of a base station on this ideal earth, Hayford, 
by triangulation and geodetic observations, measured the prime 
vertical and meridian components of the deflection of the plumb 
bob from the true vertical at several hundred stations scattered 
over the United States. He then calculated the deflections which 
all the topographic features within a radius of 2,564 miles of each 
station should produce if the density of the earth were the same at 
similar depths. He found that these calculated deflections, which 
he called the “topographic deflections,’ were universally larger 
than the “observed deflections.”” The only explanation of such 


widespread observations is that there is some sort of isostatic 


compensation of the surface excesses and defects of mass. Recog- 
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nizing this fact Hayford set out to make a series of least square 
solutions assuming various kinds of isostatic compensation. He 
calculated what the deflections should be assuming isostatic 
compensation by the use of a reduction factor, that is, a factor 
which when multiplied by the topographic deflection will give the 
deflection, isostatic compensation considered. In all of his solu- 
tions Hayford assumed the isostatic compensation to be complete. 
In his five principle solutions he assumed a uniform distribution of 
compensation and assumed depths of compensation varying from 
zero to infinity.’ On these assumptions the conclusion was reached 
that the most probable depth of compensation is 76 miles since 
the sum of the squares of the residuals was least for this depth. 

Subsidiary solutions were made assuming (1) that the compen- 
sation is uniformly distributed in a ten-mile substratum, (2) that 
the compensation is greatest at the surface and decreases uniformly 
with respect to depth until it becomes zero at the depth of compen- 
sation, and (3) that the compensation is distributed according to 
the law postulated by Chamberlin.?, The method used in each of 
these three cases was to find the depth for which the reduction 
factor was most like the reduction factor for the most probable 
solution assuming a uniform distribution. Hayford concluded 
that so far as the geodetic evidence available could test them, any 
of the three distributions of compensation postulated is as probable 
as a uniform distribution. The depth of compensation found for 
a distribution in a ten-mile substratum was 40 miles; for a uni- 
formly varying distribution, 117 miles; and for the Chamberlin 
distribution of compensation, 193 miles. 

A further interesting phase of Hayford’s work is his C-solution 
which was made on the assumption that there is no isostatic com- 
pensation under land areas but that there is complete isostatic 

* The condition that the depth of compensation is infinite is taken as equivalent 
to no isostatic compensation. The condition that the depth of compensation is zero 
is taken as equivalent to the condition that the topographic features do not affect the 
plumb bob. 

2 This law postulates a maximum density difference slightly below the surface. 
This density difference decreases rapidly at first and then more gradually with respect 
to depth. 


3 P. 168 of 1909 report. 
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compensation at depth zero under ocean areas. It was found that 
these assumptions were not as close to the facts as the assumption 
of complete compensation at the depth of 76 miles under both 
land and ocean. In discussing the C-solution Hayford says:* 

It follows, moreover, that it is an isostatic compensation of the separate 
topographic features of the continent, not a compensation merely of the conti- 
nent as a whole. In solution A? it is a compensation of the separate features 
which is assumed. An inspection of the numerical values of the computed 
topographic deflections, and of the deflections computed with isostatic com- 
pensation considered shows that merely to have assumed the continent as a 
whole to be compensated, not its separate topographic features would have 
given a solution resembling solution C much more closely than solution A.3 

A very vital step in Hayford’s work is his determination of the 
degree of completeness of compensation. As this is one of the 
principal points to be criticized, his method will be explained in 
detail in connection with the criticism. Suffice it to say here that 
he concluded that the isostatic compensation is on an average nine- 
tenths complete. 

CRITICISM OF HAYFORD’S WORK 

Hayford certainly showed that there is some sort of isostatic 
compensation; but he did not fully consider all possibilities as to 
the nature of this compensation. The exact nature of isostatic 
compensation for any place is determined by three factors, (1) depth 
of compensation, (2) distribution of compensation, and (3) degree 
of completeness of compensation. Hayford considered all possible 
depths of compensation and several distributions of compensation; 
but all of his solutions involving isostatic compensation were made 
on the assumption that the compensation is complete. This was a 
purely arbitrary assumption on Hayford’s part since he gave no 
reason whatever for believing at the outset that compensation is 

* Quoted from p. 169 of 1909 report. 

2 Solution A was made on the assumption that compensation is complete at depth 
zero over both land and sea. This solution turned out to be nearer the truth than 
solution C 

3It should be noted that the assumption of complete compensation under ocean 


areas with no compensation under continents is not equivalent to a compensation of 
the continents as a whole with respect to the oceans, but only to a compensation for 


the part of the continents below sea level. 
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complete, and furthermore the fact that he later attempted to find 
the degree of completeness implies that there is no reason to believe 
at the outset in complete compensation. In view of this fact the 
method of determining the degree of completeness of compensation 
is questionable. 

Criticism of method of finding degree of completeness of compen- 
sation.—Hayford’s method is best explained by an example. Sup- 
pose the topographic deflection at some station is 35.79” This 
is assuming no isostatic compensation. Suppose that the residual 
assuming complete compensation at a depth of 76 miles is 3.33”, 
or in other words, suppose that the difference of the true deflection 
and the deflection which would exist if the compensation were 
This value (3.33”) is 
apparently the part of the topographic deflection which has not 


a 


complete at a depth of 76 miles is 3.33? 


been made up for by isostatic compensation. The ratio of 3.33 
to 35.79 is, therefore, taken by Hayford as a measure of the incom- 
pleteness of compensation. In explanation of this method Hayford 
writes as follows: 

The residuals of solution G* furnish a test of the departures of the facts from 
the assumed condition of complete isostatic compensation uniformly distri- 
buted to a limiting depth of 113.7 kilometers. In order to obtain definite 
ideas let the whole of the residuals of this solution be credited to the incomplete- 
ness of the compensation. The conclusion as to the completeness of compen- 
sation will then be in error in that the actual approach to completeness will 
be considerably closer than that represented by the conclusion—that is, the 
conclusion will be an extreme limit of incompleteness rather than a direct 
measure. For by this process of reasoning every portion of a residual of solu- 
tion G, due to the departure of the actual distribution of compensation with 
respect to depth from the assumed distribution, or due to the error in the 
assumed mean depth of compensation, or to regional variation from a fixed 
depth of compensation, or due to errors of observation in the astronomic 
determinations and the triangulation which affect the observed deflection of 
the vertical, or due to errors of computation, is credited to incompleteness of 
compensation.? 


The objection to the paragraph quoted is that it apparently is 
taken for granted that the error in the assumed mean depth of 
* Solution G, the most probable solution according to the first report, was made 


assuming a depth of compensation of 70 miles. 


2 Quoted from p. 164 of 1909 report. 
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compensation increased the size of the residuals. Is it not very 
probable that the introduction of an error in depth actually dimin- 
ished the residuals? The most probable depth was calculated on 
the assumption of completeness. If the assumption of complete- 
ness was wrong, the depth of compensation which would appear 
most probable would not be the true depth of compensation but a 
depth which would counteract the effect of the wrong assump- 
tion in regard to completeness. In other words the error in 
the assumed mean depth of compensation would be such as to 
decrease the residuals. Therefore the residuals which would have 
been obtained had the correct depth been used would be larger than 
the residuals actually obtained. The degree of incompleteness as 
measured by Hayford’s method would, therefore, be larger. 

If the depth of compensation were known independently, then 
Hayford’s method of finding the completeness would be legitimate. 
To go back to the example cited before, suppose that it is known 
independently that the depth of compensation is 25 miles and 
suppose that the residual obtained on this basis and assuming 
complete compensation is 15’’: this value would be the part of 
the topographic deflection which had not been made up for by 
compensation and therefore the ratio of 15 to 35.79 would be an 
approximate measure of the incompleteness of compensation. 

The above argument will be made clear by a brief summary. The 
depth and degree of completeness of compensation are unknowns 
to be determined. It is claimed that these two unknowns can 
not be determined by Hayford’s method of assuming complete 
compensation, calculating the most probable depth, and using 
the residuals to tell the degree of incompleteness, because this 
method would only be legitimate for the one case when compensa- 
tion is actually complete. If compensation were not complete, 
then Hayford’s calculated depth would be wrong and would 
furthermore be in error in sucha direction as toat least partially make 
up for the wrong assumption regarding degree of completeness. 
The resulting residuals would therefore not furnish a maximum 
measure of the degree of incompleteness; but the compensation 


would appear to be more nearly complete than would be the fact. 
We are forced to conclude that, from the geodetic evidence 
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alone, neither the depth nor the degree of completeness of isostatic 
compensation can as yet be considered settled." 

Criticism of C-solution—The criticism might be made of the 
C-solution that the assumption of complete compensation at depth 
zero under oceans obviously does not correspond to the facts and 
that, by trying several depths, a combination might be found which 
would appear to be, so far as the information available could test 
it, as close to the actual conditions as any other hypothesis. From 
the wide departure of the C-solution it seems, however, rather 
improbable that such a depth could be found. 


FURTHER CONSIDERATIONS 


Possibilities of an incomplete compensation.—Since Haytiord 
only considered the case of complete compensation, it is desirable 
to see whether or not an incomplete compensation would meet the 
geodetic requirements as well as a complete compensation. Any 
test of incomplete compensation based on Hayford’s residuals is 
apt to be misleading since these residuals may involve two errors 
that tend to counterbalance each other. By a study of the reduc- 
tion factor, however, we may be able to tell whether or not an 
incomplete compensation would be as probable from the geodetic 
point of view as complete compensation. 

According to the definition given in this paper the degree of 
completeness of compensation is 


ul abh—(Wa—We,) ( 
M = = . I 
aoh ) 
If there is isostatic compensation, there will be a compensating 
density difference between the material in column A and the 
material in column B.?_ If at any given depth the density of column 
A be 84 and of column B, 6g, then the compensating density differ- 
ence at that depth will be 6,=6,—8& 3 which is of course negative 
when A is a land segment. It follows that 63=6,—8,. Now 
"It should be noted that so far as the nature of compensation is questionable, 


Hayford’s values for the size and figure of the earth are also open to question. 


? See definition of M, p. 607-8. 
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W.4—a } 0,dz is the weight? which the column A would have if its 


density were the same as in column B and is therefore equal to the 
weight of B plus the weight which the material in A above sea 
level would have if there were no isostatic compensation. Thus 


Wa-—a | 8dz=Wp+adh 


or 
(hi +h) 
Wa—Wp=abdh+a } 8,dz (2) 
Substituting (2) in (1) 
ahi t+h) ) 
adh—- adh+abdz > 
/ oJ, 
M= - 
aoh 
or 
Math 
shM=— | dds (3) 
The case of a uniformiy distributed compensation will be con- 
sidered. In this case, 6, being a constant, (3) reduces to 


b4M = —8, (A, +h) (4) 
As stated before Hayford only considers the case where M= 1. 
He further makes the approximation of neglecting 4 in comparison 
with #,;. This approximation which is permissible for depths of 
compensation considered by Hayford but which would not be 
allowable for shallow depths is discussed later. The relation cor- 
responding to (4) which Hayford uses is dh=—6,h,. If however 
the unknown quantity, M, is retained, the corresponding reduc- 
tion factor which we will call Fy is as follows: 


r+) ()?+h; 


log 
, nt) reét+h? 
Fy=1—M . (s) 
rt 
; 
1Og 
rr 
t As 5, may vary with the depth it is necessary to sum up the product of 6, and 
ll elements of depth rather than use the product, 6:(4:+4). 
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Adding and substracting M, we have 
Fy=1-—-M(1-—F) (6) 


where F, the reduction factor obtained by Hayford, is 


Comparing F with Fy we see that, when O< M<1, Fy will be 
greater than F for the same ring’ and /,. Also for any given ring 
F is larger, the larger the depth of compensation,’ /,. It follows, 
therefore, that Fy for M<1 calculated on any given h, will be 
greater for all rings than the corresponding factor, F, calculated 
on a smaller /,, for 


Fy > Fy> Fc 


=x 
hk, =x 


or 


= 70 
d 


a M- ? f, 


hy>76 


Now assuming M=1 Hayford has already shown that the set of 
factors obtained when #,=76 miles gives a closer result than the 
set of larger factors obtained when #4, >76 miles. It seems probable 
therefore that, if a solution were to be attempted assuming O< M 

1, nothing would be gained in taking a depth of compensation 
larger than the most probable depth assuming M=1. The writer 
would not care to make the preceding statement as a positive 
fact without an inspection of the data for the calculation of the 
topographic deflections. For it seems possible, although not 
probable, that a combination of M<1 and h,>76 might yield as 
close a result as M=1 and /,=76 on account of the fact that, 

tIn calculating the topographic deflection the area around any station is divided 
into concentric rings whose outer radii are r* and inner radii, r;. 


2See table, p. 70 of 1909 report 


/ 








610 HARMON LEWIS 


though the reduction factor becomes larger, the relative increase 
in the various rings is not the same as the increase when /, is made 
larger than 76 but M is kept equal to r. 

On the other hand, when o<M<1 and /,< 76, the resulting 
factor, for any given ring, compared to F for 4,= 76, tends to become 
larger on account of taking M<1, but tends to become smaller on 
account of taking 4,<76. If 4, be taken sufficiently small, the 
factor, Fm for M<t, and 4,<76, becomes smaller for certain rings 
and larger for other rings than F for 4,=76. It therefore seems 
quite probable that a combination of M<1 and h,<76 should 
prove to be as close an approximation to the facts as M=1 and h,= 
76. 

Similarly, if the case where M>1 were to be considered, the 
best depth of compensation would probably turn out to be greater 
than 76 miles. 

By equation (6) above, it is an easy matter to calculate the factor 
Fy for any value of h, which is equal to the radius of any ring. In 
order to obtain a typical example, the factors were calculated assum- 
ing M=.5 and 4,=19. 29 kilometers (11.987 miles) and are given 
below together with the factors for Hayford’s most probable solu- 
tion in which it was assumed that M=1 and 4,=113.7 kilometers 
(70.67 miles).* 

It will be noted that, for outer rings, the factor, Fy, is approxi- 
mately .5 while F is nearly zero. From the examples of calcula- 
tions of “topographic deflections’? given by Hayford it would 
seem that the outer rings, especially the oceanic compartments, 
have a considerable effect on the topographic deflection. It 
might seem, therefore, that M=.5, 4,=19.29 kilometers would 
not give as close a result as M=1, h,=113.7 kilometers; but 
without some sort of test this question would remain a matter of 
conjecture. Furthermore the additional hypothesis might be 
introduced that the compensation under ocean areas is complete 
or even that ocean areas are over-compensated. Then when we 
remember that the assumption regarding either M or /, or both may 


The value of the depth of compensation given in the first report as most probable 
I I I I 


In the second report 76 miles is given, but the reduction factors for this 


ire not published 
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be varied, there seems to be nothing to show that a combination of 
a decided under-compensation and shallow depth under land areas 
with a practically complete compensation under ocean areas 
would not prove, so far as present information is able to test it, 
as close an approximation to the actual conditions as a combination 
of complete compensation with a depth of 76 miles under both 
land and sea. And it is not improbable that several combinations 
involving a decidedly incomplete compensation under land areas 
could be found which would appear equally as close to the truth 
as M=1 and A,=76 miles. 


; 1M=.s5 my 
Ring [7 meess 29 kil [7 = 7 kil 

20 990 

28 994 
27 -QgI 90907 
26 988 996 
25 982 995 
24 975 992 
23 965 988 
22 950 983 
21 930 970 
20 goo 905 
19 860 Qs5I 
18 809 930 
17 747 goo 
16 679 850 
15 617 801 
14 570 721 
13 539 618 
12 520 493 
II 510 358 
10 505 234 
8) 502 1390 
8 501 077 
7 500 040 
6 500 020 
5 500 o10 
4 500 005 
3 500 003 
500 OO! 
I 500 Oo! 


In the case of M>1, h,>76 miles it is probably also true that 
the compensation under ocean areas would have to be taken com- 
plete. 

In the foregoing discussion the distribution of compensation 
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was assumed uniform. The argument that, if 1/<1, h, is probably 
less than the most probable depth assuming M=1 would hold 
for the Chamberlin compensation or for a compensation uniformly 
varying from a maximum at the surface to zero at the depth of 
compensation. For the reduction factors in the subsidiary investi- 
gations are linear functions of the reduction factor for uniform 
distribution. 

Changes in formulae required by shallow depth of compensation. 
Under this head the approximation mentioned above in connection 
with equation (4) will be considered. 

d4M = —8,(h, +h) (4) 
8, is such a quantity that (W4—a6, [h,+h]) = [Waly is the 
weight which column A would have if there were no isostatic com- 
pensation. Therefore 
Wa=(Wa)yy_,+06.(A: +h) ‘ 


Thus the deflection due to W4 may be obtained by adding to the 
deflection which would be produced if there were no isostatic com- 
pensation the deflection which would be produced by a6,(i,+4A). 
Therefore the deflection at any station assuming isostatic compen- 
sation is equal to the topographic deflection (D) plus the deflection 
(D.) due to the defect or excess of density from the surface down to 
the depth of compensation. If H be the height of the observing 
station above sea level, then the deflection due to the defect of 
density in a compartment whose surface is #4 miles above sea level 
is (neglecting the curvature of the earth),’ 
De= 12.44"2(sin asin «,) } (H-+h)log — EEE +8" 
4 rntV nth)? 
+ (h—H)log r+ (r')?+(h-—H)? | 9) 
r+) re+(h—H) \ 

In calculating the topographic deflection Hayford neglects H 
except when it is necessary to make a slope correction. However, 
H is introduced in equation (8) in order to make it exact. Whether 
it would be legitimate to neglect this factor or not can best be told 


'See A. R. Clarke, Geodesy, 1880, p. 295, and Figure of the Earth and Isostasy, 


1909, P , for the derivation of equation (8). 





EE 
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from the resulting expression for the reduction factor. Taking 
the value of D, given in (8) the reduction factor is 


D+D, I \3,(H+ hz) r+y (°)?+(H+4,)? 
‘M =I+ : og (9) 
D r/ on n+V re+(A—h,) 


log 
og ’, 


~—O8CA—H) ty (r)?+(h-H)? | 
ow ~ 


log 
oh ’ nity re+(h—H) \ 
From (4) 
8 = Mh 
8 A:th \1O) 
Substituting (10) in (9) 
rm+y (°)?+(H+4,)? 
log 
—— M(H+Ah,) r+) r2+(A+h,)? 
— hth rt 
og ri: 
rP+y (r)?+(h-—HA)? 
og - = 
_M(h—-H) r+ 4; a a! (11) 


hi+h rt 
log rs 

This reduces to Hayford’s factor if M be put equal to 1 and H 
and h be put equal to zero. These are the three approximations on 
which Hayford’s factor is obtained. If h, is large, it is legitimate 
to neglect H and h; but if h, were to be taken as 12 miles # and H 
would certainly have to be considered. This fact would increase 
the length of the computations since for a complete solution of the 
problem a different factor would be necessary for each compartment 
whereas, before, the same factor was used for an entirering. Doubt- 
less, however, devices could be employed which would facilitate 
the calculations. 

The necessity of having to use the reduction factor given in 
(11) serves to make the depth and degree of completeness of com- 
pensation more open to question than ever. 


SUMMARY 
On the basis of Hayford’s work it may be considered settled 
that there is some sort of isostatic compensation, but so far as 
Hayford’s investigation has yet gone there are many possibilities 
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as to the nature of this compensation. None of the possible distri- 
butions of compensation have been eliminated by Hayford’s 
geodetic work; in fact, so far as the geodetic work is concerned, 
Hayford has shown that four different distributions of compensa- 
tion are equally probable. 

The present possibilities for isostatic compensation may be 
grouped with considerable certainty under three heads: first, there 
is the possibility of complete compensation at a depth in the 
neighborhood of 60 to 150 miles depending on the distribution of 
compensation; second, there is the possibility of an over-compensa- 
tion at a greater depth for land areas with probably complete com- 
pensation for ocean areas; and third, there is the possibility of 
under-compensation at a shallow depth for land areas with com- 
plete or over-compensation for ocean areas. 


SECTION III. THE THEORY OF ISOSTASY 
INTRODUCTORY 

In any theory of earth movements it is recognized that the 
earth is a failing structure in the sense that it has been and is 
being permanently deformed under the ultimately controlling 
force of gravity. It is not therefore the essential idea of the theory 
of isostasy that the earth as a whole is a failing structure; but the 
characteristic of the theory is the type of deformation which it 
postulates. This may not be the critical point of isostasy as it 
was originally conceived, or as conceived today by everyone; but 
it is the point which has been elaborated by the supporters of the 
theory and which is of first importance to the geologist; and it 
will therefore serve as a basis of criticism in this paper. 

Type of deformation postulated in the theory of isostasy.—The 
controlling movements of the earth’s crust are vertical movements 
of the various segments in response to changes of weight produced 
by erosion and deposition. 

These vertical movements are brought about by flowage beneath 
the surface from areas of deposition to areas of erosion or, in general, 
from areas of excessive weight to areas deficient in weight. 

This flowage beneath the surface is comparable in speed to the 


process of erosion and is started under stress-differences so small 
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as to require that all segments of the earth of given area are essen- 
tially equal in weight. 

This flowage may be accompanied by folding in the border 
zones of the segments. 

Deformation of this kind is not restricted to the major segments, 
the continents and oceans, but is the type of movement which 
takes place between the smaller units of the continents. 

Lines of criticism of isostasy.—In criticizing the theory of isostasy 
two main lines of argument will be followed. First, the type of 
deformation postulated by isostasy can not account for certain 
facts. Second, Hayford’s geodetic results can be accounted for 
without supposing the type of deformation postulated by isostasy. 


FACTS NOT ACCOUNTED FOR BY THE TYPE OF DEFORMATION POSTU- 
LATED IN THE THEORY OF ISOSTASY 

The degree to which isostasy must be discarded depends on the 
importance of the phenomena which it will not explain. 

The theory of isostasy as conceived in this paper does not adequately 
account for the folding of rocks of the earth’s crust—Folding is evi- 
dence of lateral forces of enormous magnitude. On the other hand 
the controlling movements of isostasy are assumed to be vertical 
movements. However, it has been suggested by Hayford that 
folding would be caused by the undertow from an area of deposition 
to an area of erosion: 

Horizontal compressive stresses in the material near the surface above the 
undertow are necessarily caused by the undertow. For the undertow neces- 
sarily tends to carry the surface along with it and so pushes this surface material 
against that in the region of erosion, see Fig. 2. These stresses tend to produce 
a crumpling, crushing and bending of the surface strata accompanied by 
increase of elevation of the surface. The increase of elevation of the surface 
so produced will tend to be greatest in the neutral region or near the edge of 
the region of erosion, not under the region of rapid erosion nor under the region 
of rapid deposition.! 

This undertow must exist chiefly below the depth of compensa- 
tion. If the earth were a perfect fluid the materials of different 
densities would, if not diffusible, arrange themselves in concentric 
shells with the heavier material toward the center. There is always 


* Science, February 10, 1911, p. 205. 
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a tendency for the earth to take this arrangement in the sense that 
the stress-differences are on an average tending in this direction. 
It would seem, therefore, as a general proposition, that where the 
material of the earth is weak, the tendency would be more toward 
equalization of densities laterally than toward lateral differentiation 
of densities such as implied by isostatic compensation. Even 
though the stress-differences due to lateral variations in density 
were not sufficient to deform the rock so as to equalize the densities, 
a flowage from beneath an area of deposition to an area of erosion 
would certainly tend to produce a distribution of density within 
the zone of flowage itself which would have no relation to topog- 
raphy. It appears, therefore, that there could be very little 
isostatic compensation in a zone where yielding occurs as readily 
as postulated by isostasy. 

Now, according to the theory of isostasy, compensation would 
be-essentially complete, and if compensation is complete the depth 
of compensation as determined by Hayford’s geodetic work would 
be as great as 60 miles. Hence, the undertow postulated by 
isostasy would exist chiefly below 60 miles. It is decidedly ques- 
tionable that an undertow even much nearer to the surface than 
60 miles would cause the observed folding in the upper few miles 
of the crust. ; 

The theory of isostasy cannot account for the general uplift of sedi- 
ments without folding.—If the isostatic compensation is complete 
any deposition of material should cause a sinking of the under- 
lying segment. Isostasy could not therefore account for the fact 
that horizontal sedimentary rocks are found far above sea level 
unless a lowering of the sea level were supposed; but this possi- 
bility can generally be dismissed because the relative change in 
sea level is not registered in all parts of the world.’ 


tIn discussing isostatic adjustments (see Science, February 10, 1911) Hayford 
suggests that some uplifts are due to expansion and contraction caused by heating and 
cooling of sedimentation and erosion. These deformations, however, are not a distinc- 
tive assumption of the theory of isostasy at least as the theory is conceived in this 


paper; but were suggested to account for certain geological phenomena which the 


theory of isostasy could not explain. 
At any rate, expansion due to heating effect of sediments is entirely inadequate 
to account for known uplifts. In making his estimate that the vertical expansion is 
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The theory of tsostasy does not explain the apparently heterogene- 
ous relation of uplift and subsidence to erosion and de position.—Since 
isostasy postulates an adjustment or flowage which is comparable 
in speed to the process of erosion, a high area which is subject to 
erosion should be further uplifted as erosion progresses and should 
not be reduced to sea level until its deficient density is equalized 
by erosion of the lighter material at the surface and restoration of 
heavier material below. With a depth of compensation of 76 
miles, the theory of isostasy would require greater continuous 
uplifts than are known to exist. As a matter of fact, some areas 
have been uplifted as erosion progressed and others have remained 
stationary. In some cases erosion to a peneplain has been fol- 
lowed by subsidence and in other cases by uplift. 


ALTERNATE HYPOTHESES TO ACCOUNT FOR HAYFORD’S GEODETIC 
RESULTS 

Erosion and deposition are assumed to be the principal cause 
of disturbance of the equilibrium condition of isostasy. Since 
deposition does not in general extend beyond the boundaries of the 
continental shelves, the cause and effect of the type of deformation 
postulated by isostasy would be confined to the continents proper. 
So far, then as distributions of density are to be made a proof of 
the theory of isostasy, the critical test is not in the density relation 
of the continental masses as a whole compared to the ocean basins, 
but in the completeness of compensation of the topographic features 
of the continents. Now it has been shown in the preceding section 
of this paper that, though there is very likely a complete compensa- 
tion of the ocean defects of mass, yet it is a distinct possibility so 
one foot for every 33 feet of deposition Hayford neglects the fact that the irregularities 
in the isothermal surfaces near the surface of the earth flatten out with depth. How- 
ever, taking Hayford’s estimate and assuming that an area of deposition was covered 
by very shallow water and that the expansion due to heating took place all at one 
time, the maximum uplift above sea level could not be more than one-thirty-third 
of the thickness of the sediments deposited. Subsequent erosion would tend to 
reduce this elevation and any further elevation caused by relief from eroded material 
would certainly not more than equal the eroded layer. Hence, wherever the present 
elevation above sea level is more than one-thirty-third the thickness of the last con- 
formable sedimentary series, some other factor than expansion due to heating effect of 


sedimentation must be sought to account for the uplift. 
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far as the geodetic evidence is concerned that the compensation 
of the topographic features of the continent is decidedly incomplete. 
The theory of isostasy can not therefore be considered as established 
by the geodetic work of Hayford. Furthermore, the probability 
that isostasy exists is lessened by the fact that an incomplete com- 
pensation can be very plausibly explained without involving the 
conceptions of isostasy. 

The tendency of lateral compression to produce isostatic compensa- 
tion.—In the folding and overthrust faulting of rocks there is abun- 
dant evidence of lateral compression. It has already been shown 
that this folding is probably not caused by an undertow such as 
isostasy supposes to be set in motion by erosion and deposition. 
The compression indicated by folding may be due to shrinkage 
of the earth; it may be due to squeezing of the continental segments 
by the oceanic segments; or it may be due to other causes; but 
whatever the cause may be, it is certain that it has produced great 
uplifts. Suppose that the continent is composed of portions of differ- 
ent densities, but that the stress-differences set up by these differ- 
ences in density are not sufficient to cause a deformation of the 
material and a consequent uplift of the lighter masses. If this were 
the case, it would seem reasonable to believe that there would be a 
tendency for the effects of lateral compression to localize in the 
lighter segments since there is always a tendency for lighter seg- 
ments to move up even though the stress-differences tending in this 
direction are not sufficient to produce an actual movement. Other 
things being equal, folding would probably tend to localize in sedi- 
mentary rocks since the parallel bedding planes allow slipping to 
take place readily. Here again there might be a tendency toward 
isostatic compensation since sedimentary rocks on an average 
are lighter than igneous rocks. There are undoubtedly other 
factors which determine the place of folding, but it is entirely 
possible that uplifts by folding are incompletely compensated. 

A compensation of areas which have been uplifted without 
folding may be accounted for in a similar way. It is possible that 


lateral forces similar in magnitude to those forces which produce 
folding at the surface, but localized at greater depth should cause 
a deformation which is registered at the surface simply as a general 
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uplift. In this case also the deformation would tend to localize 
where the resistance to uplift were least, in other words, in the 
lighter segments. 

The type of deformation suggested here is perfectly distinct 
from that postulated by isostasy. The theory of isostasy supposes 
that light areas are high because the strength of the material below 
is not sufficient to support segments different in weight. The 
possibility suggested in the preceding paragraphs is that high 
areas are light because the great deforming forces of the earth 
follow the path of least resistance. 

The automatic compensation of uplifts and subsidences due to 
expansion and contraction.—It is possible that some uplifts and sub- 
sidences are due to expansion and contraction of the underlying 
material. Such deformations are not a distinctive assumption 
of the theory of isostasy. Changes of volume may be due to 
changes of temperature or pressure which in turn may be due to 
a variety of causes. Any changes of elevation caused by expansion 
or contraction will be automatically compensated since the weight 
does not change. This would be another factor tending to produce 
compensation which does not involve the type of deformation 
postulated in isostasy. 


SECTION IV. SUMMARY OF CONCLUSIONS 

Isostasy is a theory of earth movements based on the assump- 
tion that the lighter portions of the earth are elevated in propor- 
tion to their defect of density because the earth is not strong 
enough to support segments of different weights. The principal 
support for the theory is the geodetic work of Hayford from which 
it was concluded that the excesses of mass at the surface are com- 
pletely compensated for by defects of density below, said defects 
of density extending to a depth of something like 60 to 150 miles. 

It is believed that Hayford made an error in determining the 
degree of completeness of compensation which invalidates his 
conclusions, for he assumed complete compensation in calculating 
the depth and then used this depth to calculate the degree of com- 
pleteness. Hence, instead of the single possibility of a practically 
complete compensation, there are, so far as has been shown from 
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the geodetic evidence, three groups of possibilities for isostatic 
compensation: first, the possibility of complete compensation at a 
depth in the neighborhood of 60 to 150 miles depending on the 
distribution of compensation; second, the possibility of an over- 
compensation at a greater depth for land areas with probably 
complete compensation for ocean areas; and third, the possibility 
of under-compensation at a shallower depth for land areas with 
complete or over-compensation for ocean areas. 

Hayford’s geodetic results do not, therefore, constitute a proof 
of the theory of isostasy. 

An incomplete compensation of the topographic features of the 
continents can be plausibly explained without supposing the type 
of deformation postulated by isostasy. 

There are many important phenomena which the theory of 


isostasy will not explain. 
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The recent admirable summary by Dr. Percy A. Wagner of 
what is now definitely known regarding the geological conditions 
in which the diamond occurs in South Africa suggests certain specu- 
lative points of view, which, if found worthy of attention, may in 
turn suggest desirable lines of investigation in the field and the labo- 
ratory. These inquiries may perchance throw light on the intricate, 
fascinating question of the genesis of the diamond; or, even in 
a broader way, on the réle of carbon in eruptive rocks, whether in 
the form of diamond or graphite, or as gas locked up in carbonates 
or certain silicates. 

To the student of the occurrence of the diamond in countries 
other than South Africa, one of the most significant facts established 
by the prospecting of the African miners is that, aside from its 
well-known occurrence in pipes, the diamond-bearing eruptive 
material, kimberlite, occurs also in dikes, and that these usually 
have considerable longitudinal extension but only small width, 
except where expanded into pipes, and even these are frequently 
insignificant in relative dimensions. This slight prominence of the 
diamond-bearing bodies, coupled with the extreme susceptibility 
of the material to alterations which render its identification a matter 
of great difficulty, suggests at once that the failure to detect such 
dikes and pipes in districts in which the diamond is found only in 
sedimentary deposits, modern or ancient, is not a conclusive argu- 
ment against their existence, nor is it clear evidence that the original 
matrix was notably different from the South African kimberlite. 
In countries like India and Brazil, in which the diamonds of the 
modern alluvial deposits have been definitely traced back to con- 
glomerates of considerable geological age, the presence or absence 
of kimberlite dikes should be~tested by prospecting operations, 


* Die diamantfiihrenden Gesteine Siidafrikas, Berlin, 1909. 
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not so much, perhaps, in the areas occupied by the conglomerates 
themselves as in the neighboring ones occupied by formations 
known to have been in existence when the conglomerates were laid 
down, and which have escaped being covered up by them or by later 
strata. Until such prospecting is done on a sufficiently large and 
efficient scale the opinion, which a few years ago seemed justified, 
that a mode of occurrence essentially different from the African 
must be postulated for these countries, should be held in suspense. 

The material filling the African pipes shows very pronounced 
fragmenting and apparently explosive action, which has shattered, 
and to some extent scattered, the eruptive rock characteristic of 
both the pipes and the dikes and has mixed it with a very consider- 
able amount of various other rocks, either brought up with it from 
lower horizons or detached from the surrounding rock masses. Dis- 
cussion is still going on as to whether the diamonds contained in 
these agglomeritic pipe-fillings are to be assigned to the eruptive 
rock proper or to some of the foreign rocks included in it, but the 
weight of evidence seems to be in favor of the first hypothesis. A 
very interesting view that was held for many years assigned the 
formation of the diamond to some kind of reaction in situ, between 
the two classes of rock that occur in the pipes, the necessary carbon 
being supplied by the carbonaceous rocks through which, in some 
places, the pipes cut. Subsequent developments have completely 
disproved this hypothesis, but the essential part of it—the formation 
of the diamond in situ—is still worthy of consideration if another 
source of carbon can plausibly be brought into the question. 

So general is the association of the diamond with a fragmental 
state of the eruptive rock that enters into the composition of the 
pipes that the question naturally arises whether or not the diamond 
also occurs in such masses of this rock as have not been subjected to 
the fragmenting action. From the statements at hand it is clear 
that there is usually considerable difficulty in distinguishing between 
the massive and the fragmental forms of kimberlite. Apparently 
the distinction has only been made in a perfectly conclusive manner 
by the use of the microscope. The masses that can be thus exam- 
ined are so small that such negative evidence as they may give has 


in itself little value. Specimens of diamonds inclosed in fragmental 
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material are quite common, but thus far those found in which the 
rock is clearly non-fragmental seem to be exclusively of the type 
of the so-called “eclogite nodules,” which are regarded by some as 
segregations in the kimberlite magma and by others as transported 
fragments of a pre-existing rock. In either case the experimental 
crushing, reported by Mr. Gardner Williams,‘ of 20 tons of these 
nodules from the Kimberley mine without finding a single diamond, 
tells strongly against any general hypothesis of genesis based on 
the sporadic occurrence of these nodules. 

In the statements at hand relative to the occurrence of diamonds 
in the parts of dikes that are not expanded into pipes, the impression 
is given that the rock is non-fragmental; but the evidence on this 
point is not as clear as one could wish. As the case stands at present, 
and until unequivocal evidence to the contrary is presented, there 
is a reasonable presumption that a positive, perchance a genetic, 
relation exists between the diamond and the fragmental condition 
of the rock in which it occurs. This in turn may mean that the 
origin of the diamond can perhaps be assigned to reactions between 
the original rock, or rocks, of the filling and other elements whose 
introduction was made possible by the fragmenting of the mass, 
and which accompanied, or followed, the explosive action, if, per- 
chance, they did not constitute the actual agency that produced it. 

According to ideas generally received among geologists, the 
explosive action, as such, is but the culmination of previous thermal 
processes in the sudden production of gases, principally water 
vapor. The thermal processes may be protracted and varied in 
action and may occur repeatedly and extend into late phases of the 
eruptive period and to stages subsequent to it. One of the most 
important effects of the protracted action would be to saturate the 
fractured mass of rock with gases and with liquids resulting from 
their condensation. Various observers have expressed the opinion 
that this saturation under the conditions implied reached the point 
of establishing a marked degree of mobility in the mass, converting 
it into a veritable rock brew. Be this as it may, such a saturation, 
whatever its degree may have been, would establish conditions in 
which a certain amount of hydration (serpentinization) of the erup- 


* Trans. Am. Inst. Min, Engineers, 1904. 
g 4 
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tive rock, composed largely of olivine, would almost inevitably 
result. 

We thus have in the formative stages of the pipe-fillings (or at 
least in early stages of their history) a sufficient agency for the 
hydration of their eruptive portions. Such a change has been 
observed down to such extraordinary depths that the usual explana- 
tion of atmospheric weathering seems utterly incredible.t The 
hydration, which to a greater or less degree seems to be character- 
istic of all known occurrences of undoubted kimberlite, whether 
appearing in pipes or dikes, is accompanied by the formation of a 
certain amount of calcite, which involves the introduction, in some 
stage of the history of the rock, of carbon in a condition to form the 
carbonic acid locked up in the mineral. This introduction may also 
be most plausibly assigned to the stage of thermal agitation, of 
which the fragmenting and explosive actions were the climax. 
The analysis cited in the preceding note, representing the least- 
altered kimberlite thus far examined, gives 2.54 per cent of carbonic 
acid, corresponding to about 5,000 grams of pure carbon to the 
unit of volume (load=o.453 cubic meters) used by the African 
miners in measuring their material. This amount of carbon, 
if present in the form of diamond, would give about 25,000 carats, 
whereas the usual yield of the De Beers load is under 1 carat 
(1/5 gram). 

There are thus strong a priori reasons for attributing to deep- 
seated causes long since extinct a great part of the hydration and 
carbonation which the eruptive rock, originally free from water 
carbon, has suffered. If such was the case, it becomes important 
to distinguish the deep-seated actions from those of the atmosphere, 
which, acting from above downward, have long been producing 
similar results. These superficial results would be superimposed on 
the pre-existing ones, if such existed, down to a certain depth. 
No question can be raised regarding the correctness of the view, 

t Dr. Wagner gives an analysis of a specimen of kimberlite collected in the deepest 


part (2,040 feet from the surface) of the De Beers mine, which had 6.81 per cent of 


con bined water. This, as he expressly state Ss, represents the best-preserved material 
t . 


to be found in the Kimberley group of mines, although in the neighboring Kimberley 
mine the pipe has been opened up ne irly 1.000 feet farther down, or fully 3,000 feet 
y legitimately be inferred that there is little likeli- 


from the surface. From this it m 
l of ling unhydrated kimberlite in the known South African diamond mines. 




















THE GENESIS OF THE DIAMOND 031 


very generally received, that atmospheric weathering has trans- 
formed the “‘hard blue” ground into “‘soft blue,” and this in turn 
into “yellow” ground. If, as here suggested, there had been a 
previous period in which serpentine and calcite were formed, 
evidence for or against it should be found in the transition zone 
between the hard and the soft blue ground. So far as can be 
gathered from the literature at hand careful search has never been 
made for such evidence. This seems thus to be one of the crucial 
points in the study of the genesis of the diamond that is yet to be 
investigated. 

On the assumption that future investigation may establish the 
deep-seated origin of the alteration of the diamond matrix, a basis 
is found for submitting to discussion the elements of a new hypothe- 
sis regarding the genesis of the diamond. A pipe filled with rock 
fragments saturated with hot (possibly superheated) gases, and 
probably also liquids, would constitute an enormous crucible, in 
which reactions not as yet detected in our laboratories might take 
place. In this crucible carbon would certainly be present in the 
form of carbonic acid and probably in other gaseous forms as well. 
Thus the material and some of the physical conditions for unusual 
carbon segregation were present, and we are not yet, apparently, 
in a position to say that a segregation of a minute portion of the 
carbon into a solid form is a chemical impossibility. It seems to be 
well established that in certain industrial and experimental processes 
carbon does separate in the solid form of graphite from carbonaceous 
gases, and Weinschenk has presented strong evidence in favor of 
the introduction in a gaseous form of the carbon of the graphite 
deposits of Bohemia and Bavaria. 

From a geological point of view the réle of carbon in eruptive 
rocks and in eruptive phenomena generally is as important as it 
is obscure. It thus presents an attractive subject for experimental 
researches, such as are contemplated in the program of the Geophysi- 
cal Laboratory at Washington, which is so admirably equipped both 
in material and personnel for such investigations. The inquiries 
in this line thus far reported by various experimenters, while 
extremely interesting and important in themselves, are unsatis- 
factory, in so far as they postulate conditions that are with diffi- 


culty conceivable in nature. 





PRELIMINARY NOTES ON SOME IGNEOUS ROCKS OF 
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S. KOZU 
Imperial Geological Survey of Japan 


IV. ON LAVA AND ANORTHITE-CRYSTALS ERUPTED FROM THE 
TARUMAI VOLCANO IN 1909 

Introduction —The volcano Tarumai is located at a distance of 
about 42 kilometers south of Sapporo, the chief city of Hokkaido. 
Though the volcano has long been known as one of the active 
volcanoes in the district, it has become the object of special atten- 
tion since the outpouring of lava, which took place in April, 1909, 
forming a dome of 134 meters in height as measured from the 
neighboring ground, and adding 40 meters to the pre-existing 
highest peak of the mountain, which is 1,015 meters above the sea- 
level, according to Oinoue’s report. 

A revival of the exhausted volcanic energy, which had remained 
in the solfataric state since the comparatively great explosion of 
August 17, 1895, took place at the beginning of the year 1909. 
After that several outbursts and shocks were reported from the 
region. At last, in the course of about 24 hours, from the evening 
of the 17th to that of the 18th of April, lava of about 20,000,000 
cubic meters in volume, measured by B. Koto, was poured out of 
the explosive crater, and a dome was formed which is shown in the 
accompanying photographs (Figs. 1 and 2). 

Reports of the event, written in Japanese by D. Saté and Y. 
Oinoue, have been published by the Imperial Geological Survey of 
Japan and the Earthquake Investigation Committee, respectively. 
The following brief petrographic description was made by the 
writer on the specimens collected by D. Saté. 

Megasco pical characters —The specimens at hand have in general 
a glassy and ragged appearance. Those taken from the ejecta are 


* Published by permission of the Director of the Imperial Geological Survey of 


Japan. 
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of light-colored pumice. In their inner part the cellular structure 

appears well developed, while the outer thin crust is usually 
glassy and compact, strongly marked by cracks, which are char- 





Fic. 1.—View of the new dome from the east, May 11, 1909 (by T. Kawasaki, 
Imp. Geol. Surv. of Japan). 





Fic. 2.—View of the new dome from the southwest, May 11, 1909 (by T 
Kawasaki). 


acteristic of the so-called bread-crust bombs. This variety con- 
tains well-formed anorthite crystals of considerable size, with an 
average length of 13 mm. Beside these, there are not a few small 
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megascopic phenocrysts of feldspar and pyroxene, their sizes vary- 
ing from 1mm. to 2mm. The other specimens taken from the 
new dome are dark gray, or reddish dark gray, in color and spongy 
or ragged in appearance. Generally, they are characterized by 
heterogeneity in texture due to their variable crystallinity, and by 
flow-structure, which is visible in the lava-mass, as shown in Fig. 3. 





Fic. 3.—Lava-block, showing the marked flow-structure 


Sometimes dark-gray to light-gray cryptocrystalline masses are 
imbedded along the planes of flow in the rock-mass, their shapes 
being mostly lenticular. 

Microscopical characters —The rock is made up of plagioclase, 
hypersthene, augite, olivine, magnetite, apatite, and microliths, 
scattered in the abundant glassy groundmass. The prevailing 
phenocrysts are of anorthite. Hypersthene comes next, and is 
nearly equal to, or is more than, the augite. Subhedral magnetite 
is not rare as phenocrysts. Though olivine appears abundantly 


associated with the large crystals of anorthite, mostly as peripheral 
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inclusions, it is rarely met with in the general mass, and may be 
considered as an accessory constituent of the rock. 

The matrix exhibits different textures, according to different 
conditions under which the lava consolidated. The crustal part 
of the ejecta is hypohyaline, while its inner part usually shows 
typical cellular structure, the glass base being colorless. The 
specimens taken from the dome are more crystalline than those 
just described, but there is still abundant residual glass. It is 
moderately clouded with magnetite dust and pyroxene microliths. 
The megascopically cryptocrystalline part appears holocrystalline 
under the microscope and consists essentially of granular pyroxene 
and feldspar, scattered microporphyritically with skeletal crystals 
of hypersthene. 

Feldspar.—The feldspar phenocrysts are of two kinds. One of 
them is well-formed anorthite of considerable size, 13 mm. in 
average length. Zonal structure is nearly wanting, or is indis- 
tinct. These occur in the ejecta and peripheral part of the lava, 
or even as isolated crystals, suggesting that their crystallization 
was prior to that of other minerals. The other variety is smaller 
in size, with an average length of 2 mm., and is commomly sub- 
hedral in shape, sometimes with a strongly curved outline invaded 
by the glassy groundmass. This variety differs from the first in 
possessing zonal structure due to variation in the chemical compo- 
sition and to the arrangement of abundant inclusions. In average 
composition, the second variety is slightly more sodic than the 
first. The most abundant inclusions are light-brown or colorless , 
glass with air bubbles in many instances. Apatite and magnetite 
are also present, commonly in small quantity. In some crystals 
pyroxene appears as inclusions, but more commonly the feldspar 
is abundantly inclosed in the hypersthene and augite phenocrysts 
and shows a distinct automorphic relation toward the pyroxene. 
The larger crystals will be more fully described in the second part 
of this article. 

Pyroxene.—The hypersthene is easily distinguishable from the 
augite by marked pleochroism, low double refraction, parallel 
extinction, and crystal habit. It occurs in crystals of two periods 
of crystallization. The largest phenocrysts are 2.5 mm. in length 
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along the axis c. Pleochroism is distinct; a=reddish brown, 8= 
greenish yellow, y=yellowish green. It is optically negative, the 
optic plane being parallel to the orthopinacoid. There are abun- 
dant inclusions of plagioclase, magnetite, glass, and a few crystals 
of apatite; of these the plagioclase is large and conspicuous. The 
smaller hypersthene is rather euhedral in shape and is sometimes 
marked with transverse cracks perpendicular to the axis c. 

Augite crystals are anhedral to subhedral, and also have abun- 
dant inclusions, just as the orthorhombic pyroxene. Parallel 
growth ‘with the hypersthene is common, the hypersthene always 
being inclosed by augite. Twinning parallel to the orthopinacoidal 
face commonly occurs, and that parallel to (ror) is rare. 

Olivine crystals, as already stated, occur in association with the 
large crystals of anorthite and have well-defined form, elongated 
along the vertical axis with a length of about 2mm. The pre- 
dominating faces, easily identified by the naked eye, are m(110), 
k(o21), and b(oro). They are usually coated by a dark-reddish 
colored, thin crust. They frequently occur in groups of several 
individuals associated with a smaller quantity of magnetite grains. 
Notwithstanding the noticeable fact that olivine is nearly absent, 
or very scarce, in the general mass of the rock, it appears abundantly 
as peripheral inclusions of the large anorthite. 

Magnetite occurs frequently as phenocrysts in association with 
those of pyroxene, and varies in size from 0.1 mm. to 0.3 mm., in 
striking contrast with the same mineral in the groundmass, which 
appears as dusty grains. 

A patite usually occurs as needle-shaped inclusions, but in a few 
instances larger crystals with a violet color, finely striated parallel 
to the vertical axis, appear in the groundmass. 

Chemical characters ——The analysis of the rock made by N. 
Yoshioka in the chemical laboratory of the Imperial Geological 


Survey of Japan is as follows: 


SiO, 60.93 
Al,O; 16.46 
Fe,O; 3-35 
FeO 5-94 

2.88 


MgO 
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CaO 7.84 
Na,O 1.44 
K,0 0.79 
H,0 n.d. 
TiO, 0.42 
P.O; 0.13 
MnO voce SS 

100.78 


The norm, calculated from the above figures, is given below: 


Quartz... ; 25.1 

Orthoclase 5.0 

Albite. .. 12.1 

Anorthite 36.1 

Diopside . ; 2.1 

Hypersthene es. Se 

Magnetite ee 4.9 

Ilmenite ; ; 0.8 
99.7 

The ratios are: 

Sal 

aon 3.66 

Fem 

Q 

= 0.47 

I 

K,0’+Na,0’ 

—_—_—— 0.25 

CaO’ 

K,0’ 

> - 0.39 

Na,0’ 


By the Quantitative System the rock would be classified under 
the name bandose. 

In this classification, it may be noted that the rock is charac- 
terized by a high percentage of lime, which appears mostly as 
modal anorthite, and by the comparatively high silica content. 

Generally speaking, the mineralogical and chemical characters 
of the latest lava of Tarumai volcano seem to be representative of 
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those of the modern pyroxene-andesites, which are widely spread 
over the Japanese Islands, judging from a cursory glance over 
the volcanic rocks of Japan. For this reason the name bandose 


appears to be particularly appropriate. 


ANORTHITE-CRYSTALS IN THE LAVA OF 1909 
The occurrence of the larger crystals of anorthite is noteworthy. 
The crystals form large phenocrysts in the lava, and have been 





Fic. 4.—Cavity with anorthite crystal. Natural size 


ejected separately also as the so-called “anorthite bombs,” and are 
scattered abundantly around the crater; as is the case with the 
anorthite on Miyake-jima,' one of the Seven Izu Islands, Zao-san, 
a volcano in the province of Rikuzen, and Iwate-san, a volcano in 
the province of Rikuchu; the oligoclase-andesine? on Naka-i6-jima, 
one of the Sulphur Islands, may be cited as the parallel examples. 

* Kikuchi, ‘On Anorthite from Miyake-jima,” Journal of the College of Science, 
Imp. Univ. Japan, Il, Part I, p. 31. 


? Wakimizu, ‘‘The Ephemeral Volcanic Island in the Idjima Group (Sulphur 
Islands),”’ Publications of the Earthquake Investigation Committee, 1908, No. 22 C, 
Tokyo 
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A black, thin coating of lava, which crusts the Miyake-jima 
anorthite and the Naka-id-jima oligoclase-andesine, is not seen 
on the mineral from Tarumai. The crystals, however, have 
attached to them a small quantity of light-colored pumice. It is 
evident that the matrix of brittle pumice separated easily from the 
crystals and that the semi-solidified lava was not so viscous as in 
the case of the lava of Miyake-jima and of Naka-id-jima. Also, 
in some specimens the crystal is in a cavity having well-defined 





Fic. 5.—Well-defined cavity from which the anorthite crystal has been lost. 
Natural size. 


walls corresponding to the faces of the crystal, with a space about 
4 mm. in width between the crystal and the lava. The crystal is 
attached to the walls by slender, needle-like filaments of glass, as 
shown in the accompanying photographs (Figs. 4 and 5). There 
may be several explanations of the formation of these cavities, but 
the writer believes they were formed chiefly by the differential 
movements of the crystal and matrix when the blocks of lava were 
ejected in a semi-solidified state. 

The common sizes of the crystals are 10 mm. to 15 mm. in the 
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longest diameter, though the largest is 20 mm. or longer. Their 
surfaces are not vitreous, or smooth owing to the presence of 
pumiceous matrix and inclusions of olivine crystals with a few 
magnetite grains. The olivine is in well-defined forms, as already 
described. 

The roughness of the crystal faces and the twin striation upon 
them made the use of the reflection-goniometer very difficult. 
Even the cleavage piece used for the measurement of the facial 
angle (oor) : (oro) did not give a satisfactory result, as the reflec- 
tion on (oro) was disturbed by the pericline twin striations. The 
angle measured lies between 85° 48’ and 85° 52’. Other approxi- 
mate facial angles measured by the contact-goniometer are as 


follows: 


l(110) : M(oro). .59° 30° 
¥(201) : P(oor) 81° 10’ 
-- ° ; 
y(201): M(oro) go” 50 
y(201):/(110)... .45° 20’ 
(201) : P(oor) .42° 

n(o21): P(oor) .46° 40’ 


From the above angles and the relation of the crystallographic 
zones the crystal-faces which were identified have been determined 
as follows: 


P(oo1), M(oro0), T(1To), /(110), (201), y(20T), e(o21), 
n(o21), m(11), o(111), p(11T), and v(241). 


The faces P, M, y, T, J, 0, p, and » are always observed, of which 
P. M, and y are the predominating faces. The face e is very rare, 
and ¢, f, v, and m are only found in the tabular crystal parallel to 
P(oor). 

Some distinguishable crystal habits are formed by the pre- 
dominance of different crystal-faces, as given below: 

First type: Prismatic, elongated along the axis a, with the 
faces P, M, and y predominating, as seen in Fig. 6. 

Second type: Tabular, parallel to M, its elongation being along 


the axis c, as seen in Fig. 7. 
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rhird type: Tabular, parallel to P. This type might be sub- 
divided into two varieties, with gradations between them: 
a) The elongation is rather along the axis a than along the 
axis 6, as seen in Fig. 8. 
6) The elongation is along the axis }, with specially well- 
developed y, as in Fig. 9, finally becoming thick tabular 


parallel to y. 
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Fourth type: Cubic, or equant, with comparatively well- 
developed face . This type might also be subdivided into two 
varieties, showing gradations into each other or to the first type: 
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a) With slight elongation along the axis c, as seen in Fig. to. 

b) With slight elongation along the axis a, as seen in Fig. 11. 

rhe prevailing habits are the first and third types; the second 
and the } type of the fourth are not rare; the a type of the fourth 
is the scarcest. 

[winning according to the Carlsbad, Manebach, albite, and 
pericline laws has been observed. There are two or more different 
types in combination. The albite and pericline types occur poly- 
synthetically, while the Carlsbad type occurs in combination with 
one or both of these. The Manebach is only found in the tabular 
crystal parallel to P, mostly combined with pericline twinning. 
The specific gravity measured by the Westphal’s balance in 
Thoulet’s solution is 2.759. 

Optical characters Extinction angles on P(oor) and M(oro), 
measured on cleavage pieces, are — 36° 54’ and —35° 24’, respec- 
tively. The measurement of the mean index of refraction was 
made approximately by means of Wright's solution. The solution 
corresponding to the mean refraction of the mineral was deter- 
mined on the Abbe total-reflectometer. The result is 2,= 1.5785. 
The measurement of orientation of the optic axis B was made by 
the Becke method,’ with single screw micrometer ocular. The 
values p and r of the axis B were measured on three thin slices 


parallel to P(oo1). The results are as follows: 


rt) On +P(oo1 
Micrometer | p= —60° 44.8’ Micrometer { p=+28° 12.6’ 
parallel (7 ©. 405 diagonal | r= 0.337 


, 


Micrometer | p= —60 Micrometer | p=+25° 5 
parallel ( r 0. 346 diagonal {r= 0.318 


On —P(oolk 


Micrometer | p=+55° 28.5’ Micrometer { p=—29° 11’ 


parallel (7 0.354 diagonal | r ©. 354 


t Becke, “Bestimmung kalkreicher Plagioklase durch die Interferenzbilder von 


Zwillingen,” Tschermaks Min. Mitth., 1893, Bd. 14, s. 415-42. 
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From the above figures, the following values for the azimuth of 
the axis B against the edge P/M on P (&) and the true angle- 
distance (@) are given: 





I —12 19 37 

(2) —12.3 19° 14’ 

(3) 2.7 19 42’ reduced on +P 
—12.3 Ig 31 


For calculation of @, n,=1.5785 and k=o.141 were adopted as 
the mean index of refraction and Mallard’s constant, respectively. 
From the mean values of € and @, ¢ and A were given as follows: 
I I 
d= —0.3 —o° 17’ 
A= —5.8 —4° 23’ 

The values under I are results approximately obtained by the 
construction of the stereographic projection and those under II by 
calculation. 

Plotting the latter values 
on Becke’s diagram, which 
indicates the relation between  , ,—HHREESTSHaTE Rt 
the orientation of the optic 
axis B of plagioclase and its 


corresponding chemical com- eiseess: 
position, the composition of ssdias si sasstassas say; tess sesaeeasas suse 
the present mineral would be 
identified as Ab,Ang— 
Ab.An,., as shown in Fig. 12. 





The mineral is optically 


50 60 70 0 £«90 += 100 


negative with r as the acute 

bisectrix. The optic angle 

. i? 4 Fic. 12.—In the figure, A is the anorthite 

measured in cedar oil (m,= : ane 
: . aA from Vesuvius, B is the anorthite from 

1.515) with yellow light, is Tarumai, and C is the bytownite from 
>He=90° 11.5’ Naeroedal. 
- a~ a 


and its true angle is 
2Va=85° 39’ 
Chemical characters —The mineral is easily attacked by hydro- 


chloric acid, and the powdered sample is readily decomposed with 
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the separation of gelatinous silica in slightly hot hydrochloric acid 
of the strength of 22 per cent 

Che chemical analysis was made by W. Yasuda in the chemical 
laboratory of the Imperial Geological Survey of Japan. The 
sample for the analysis was taken from the clear and fresh part of 
a crystal, and powdered to grains one millimeter or smaller in 
diameter. To remove the impure parts, which contained inclusions 
of olivine, magnetite, and glass, the grains were separated into 
three portions by Thoulet’s solution, having specific gravities of 
2.747 and 2.760. The analysis was made of the sample with the 
specific gravity lying between the two values. The result is as 


follows: 


SiO 13.51 
ALO sc. 96 
FeO trace 
MgO I.11 
CaO 19.48 
Na 0.61 
KO 0.05 

100. 53 


Subtracting silica and magnesia corresponding to the olivine 
molecule, and potash as impurity, and calculating the remainder 


as parts in 100, we have: 


W (percentage) Mol. prop 
SiO 13.30 0.73 
ALO 360.31 0. 36 
CaO 19.77 0.35 
Na,O 0.62 0.01 


100.00 


From which it is found that the composition of the anorthite may 
be represented as a mixture of 2Ab and 35An, or Ab, , An,, <, which 
corresponds closely to the value determined optically as Ab, An,, 


—Ab, Ang. 
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INTRODUCTION 


In 1910, while discussing the rounding of sand grains with 
Professor A. W. Grabau, it seemed to the author that the influence 
of viscosity was not sufficiently emphasized in the literature on 
that subject. Subsequent discussion with Professor C. P. Berkey 
suggested this investigation. The thanks of the author are due to 
Professor James F. Kemp, and especially to Professor C. P. Berkey 


for many kind and valuable suggestions. 


THE MOLECULAR FORCES OF LIQUIDS 


For a clear understanding of the forces acting on a particle 
submerged in water it is necessary that we review briefly a few of 
the elementary definitions of physics. This can most clearly be 
done by means of an illustration. 

If we look carefully at the surface of a glass of water, we notice 
that it is not horizontal but curves upward at the sides of the con- 
taining vessel as though attracted by it. Hf we dip a clean glass 
rod in water and remove it, we shall see adhering to it a thin film 
of water. Upon slightly shaking the rod this film will be dis- 
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lodged and in falling will assume a more or less spherical form. 
Che smaller the drop, the more perfect its spherical shape. Here 
we have a homely demonstration of the forces acting on the liquid. 
The creep-up of the water on the sides of the glass is due to the 
attraction of the glass for the water; the drop of water remaining 
on the glass rod is held there by the same force, that is—adhesion. 
In falling, the water from the rod does not fly off in a series 
of small particles, but assumes a spherical shape because the 
component particles of water, or, in other words, its molecules 
are attracted toward each other. Thisis cohesion. Adhesion is the 
attraction of unlike molecules for each other; cohesion is the 
attraction exhibited between molecules of the same substance. 
rhe force due to the cohesion of the molecules of different substances 
and that due to the adhesion between the molecules of different 
substances varies. The cohesion of water is less than its adhesion 
for glass, hence the glass rod is enabled to tear away a certain 


amount of water.’ If, however, we dip a glass rod into mercury 





and withdraw it, nothing will adhere, because, in this case, co- 
hesion is the stronger force. 

The space through which cohesion is active is the ‘‘sphere of 
molecular attraction.”’ It isa sphere about 0.00005 mm. in diame- 
ter. If we now assume that a liquid is made up of a number of 
layers of molecules, we will see that the top layer, the free sur- 
face, will be attracted unequally because part of its “sphere of 
molecular attraction” lies outside the liquid.‘ 

In Fig. 1 xy is the surface of the liquid. A and B represent 
two molecules in the surface and beneath the surface respectively. 

The circles surrounding them represent 


Py eee —Y the “sphere of molecular attraction.” 
Q The moleeule B is attracted equally in 
= all directions by the molecules falling 

IG ; 


within its sphere; in the case of the mole- 
cule A, however, the attraction will be downward, as the attract- 
ing molecules only occupy that part of the sphere lying within 
Nichols and Franklin, ‘Elements of Physics, 124. 
? F, Pockels in Winkelman’s Handbuch der Physik, I, 882. 
Duff, 7 P) 14¢ ‘Thid., 14 
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the water. On this account the surface of the liquid is in a state 
of tension, and in order to move the molecule B to the surface 
we would have to overcome this force. We may liken the con- 
dition of the surface of the liquid to that of the stretched rubber 
membrane of a ball. We have a pressure at right angles to the 
surface, capillary pressure, causing a tension parallel to the sur- 
face, surface tension." 

Let us now consider a grain submerged in a liquid and let us 
note the action of the different forces upon it. The body will be 
pulled down by the force of gravity, the magnitude of the pull 
being determined by the difference in the specific gravity of the 
solid and the liquid. If we consider water, then the force will be 
equal to vg (d—1); where vis the volume, g the acceleration due to 
gravity, and d the density of the solid. 

In moving through the liquid, the grain will carry down a thin 
film of water held by adhesion. There is a certain friction devel- 
oped in this movement which will not be friction between the 
grain and the water, but friction of water with water. The friction 
developed by a thin film of water sliding on water is ‘superficial 
viscosity.”” The term “skin friction” is also applied to it.2 This 
is the friction especially considered in the flow of water through 
pipes and conduits. In addition, through the downward move- 
ment of the grain, the shape of the liquid is disturbed. Any 
disturbance or change of shape in a liquid calls forth a resistance, 
“viscosity.”” But even if the particle were moving in a “perfect 
fluid,”’ i.e., a fluid without any viscosity, its energy would gradu- 
ally be dissipated in forming waves.* 

To summarize then, a body moving through water must over- 
come resistance due to three causes; (1) viscosity, (2) skin- 
friction, and (3) wave-resistance. 

If we take a case in which the liquid has a definite velocity, 
the conditions as outlined above will not change. In this case 
the grain will be acted on by a force which is the resultant of the 
velocity and gravity, and will have the direction of the diagonal 

t Ganot, Physics, 122. 

Basset, Elementary Trealise on Hydrodynamii s 


3 Ibid., 51. 
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of the parallelogram of forces constructed with velocity and gravity 
as sides (Fig. 2). The grain will experi- 


.  —— ee adap 

ence no resistance in the direction of the 

6 NS velocity, as it will simply move along 
ing with the water. The downward move- 


¥...-.-------->s ment will experience the same resistance 
Fie as though the liquid were at rest. 


MOLECULAR FORCES AND TRANSPORTATION 


Sediment is transported by water in one of three methods. 
It is either floated on the surface, or rolled along the bottom, or 
carried in suspension. 

Small grains, when carefully sifted over the surface of water, 
float, due to the fact that their weight is not sufficient to overcome 
the surface tension of water. Since surface tension may be defined 
as the “‘force tending to make a liquid contract to the smallest 
area admissible,” it will have the tendency to drive the floating 
grains together.‘ This apparent attraction of grains into patches, 
although not explained, has been noted by James C. Graham and 
F. W. Simonds, who described this method of sand-transportation 
as occurring on the Connecticut and Llanos rivers respectively.’ 
Experiments carried on by Simonds seem to show that if the 
launching be favorable, about 40 per cent of the component grains 
of most sandstones will float on water. Floating patches of sand 
and dust have been noticed by the author on the Iowa and Cedar 
rivers on still days during the summer, where they look essentially 
like floating patches of scum or foam, and also on the quiet 
water along the shore of the North Sea, near Otterndorf and 
Cuxhaven in Germany. While the condition necessary for the 
transportation by flotation are somewhat unusual, this method still 
appears to have more importance than is usually attributed to it. 

The floating of the grain depends on two molecular forces, 
viz.. cohesion and adhesion. Cohesion causes the tension in the 
free surface of the water, and resists all attempts to break this 
\dhesion serves as a modifying factor. If the adhesion 


surface. 


Graham, A.J/.S., series 3, XL, 476; Simonds, Am. Geol., XVII 
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between the grain and water be strong enough to wet the grain, 
it will sink at once; if adhesion be weak, the grain will remain 
dry and float. The adhesion between the grain and the water 
may be entirely destroyed by coating them with oil. The so- 
called ‘“‘oil-flotation process”’ of ore dressing depends to a great 
extent on this principle. The finely pulverized ore is mixed with 
a small quantity of oil. The metallic sulphides, such as galena, 
chalcopyrite, and sphalerite, have strong adhesion for oil, and are 
readily coated, while the quartz and other gangue remain free, 
unless an excessive amount of oil is used. When the ore is allowed 
to slide into the settling tanks, the gangue sinks readily, but the 
coated sulphides float off. Here it seems that molecular forces 
cause flotation rather than the decrease in specific gravity due to 
the combined weight of oil and mineral. As the specific gravity of 
the oil taken is approximately 0.8, in the case of galena the volume 
of oil to mineral would have to be in the ratio of 32 to 1, to bring 
the density of the combined material down to that of water.' 

Sharp, angular grains float more readily than those of spherical 
shape. This is due to the fact that the force due to the surface 
tension increases with an increase in the surface area exposed to 
it. The more nearly spherical a grain, the smaller the ratio 
between the surface area and the mass of the grain, and hence 
the greater the ratio of weight to surface tension. Irregularity 
of shape increases the ratio of surface to mass, and hence decreases 
the tendency to break through the surface of the film. 

The power of water to carry material in suspension depends 
on a number of factors, some of which are: the shape, size, and 
composition of the particles; the viscosity, composition, and ve- 
locity of the water; the presence of colloids; the character of the 
river bottom; the course of the stream, etc. The size of grain 
carried depends directly on the velocity. The more irregular the 
shape, the greater will be the resistance encountered in settling. 
The presence of colloidal substances causes rapid settling? Again 
there may be a change in the composition of the water causing an 


interaction with the sediment, such as the precipitation of alumina 
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by the carbonates of calcium and magnesium, and a consequent 
settling of the silt." The presence of salts, alkalies, and acids in 
solution hasten the rate of precipitation. However, Wheeler 
arrives at the conclusion that there is practically no difference 
in the rate of settlement of sand and silt in salt and fresh water. 
When the particles are very fine, as mud and ooze, the rate of 
settlement is slightly faster in salt than in fresh water. Others 
have shown that settling is far more rapid in salt than in fresh 
water, and attribute this fact to a chemical interaction between 
the salt water and the sediment, carried in this case as a colloid. 
There is reason to doubt this explanation, and the more rapid 
settling in salt water seems to be due to a decrease in the viscosity 
of the water.* Rough and irregular river bottoms and swinging 
meanders tend to keep the water in a stirred condition and hence 


tid in holding material. 


METHODS OF ROUNDING 


Sand grains are reduced in size by collision and friction. Hence 
we know that the wear of a grain depends on a number of factors, 
such as hardness, weight, distance of travel, cleavage, tenacity, 
velocity of movement, etc. The rounding of sand grains under the 
varying conditions has been ably discussed from the geological 
standpoint by McKee’ and Goodchild. The movements of solids 
through fluids have been investigated from the mathematical stand- 
point especially by Basset’? and Allen.’ This feature has also 
been noted to some extent by Blake,? Walther,"® and Barrell." 


E. W. Hilgaard, A.J.S., 1873, p. 288; 1879, p. 205. 

W. H. Wheeler, Vature, June 20, 1901. 

See F. W. Clarke, Bull. 330, U. S.G.S., and H. S. Allen, Nature, July 18, 1g01, for 
} or rhe 


‘J. F. Blake, Ge Va Decade IV, Vol. X, 12; W. B. Scott, Jntroducti 


Ge 141; Carl Barus, Bull, 36, U.S.G.S.: Chamberlin and Salisbury, ¢ 


McKee, Edinburgh Geol. Soc., VII, 208. Goodchild, bid., S. 
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Summary of previous work.—McKee in his work evolves the 
formula 
size > spec ific gravity < distance traveled 
Rx 
hardness 
where FR is the rounding (or the wear). 
Considering a cube with the edge x, the distance traveled 


would be roughly proportionate to the number of times the grain 
D , + a ‘i 

turned over, hence could be placed instead of distance. The 
4x 


weight of the cube would be x Sp. Gr. 
Substituting in the above equation we have 


d 


8 Sp. Gr. 
4X 


R= 
hardness 
reducing to 
x? Sp. Gr. d 
Rx 
4h 
Or in more general terms 
x? Sp. Gr. d 
R=« 
mh 
where m is a constant depending on the shape of the grain. m 
is 4 in the case of a cube, 3.1416 in the case of a sphere, etc. If 
the grain is under water allowance must be made and 


R ms - (Sp. Gr.—1) -d 
mh 

Goodchild goes farther and determines a general limiting con- 
dition to the wear taking place. His work may be summarized 
as follows: 

Since the sand is completely surrounded by a film of the water 
in which it is submerged, it will be acted on by surface tension. 
By decreasing the size of a particle we increase the ratio of area 
to volume, and hence to weight. Since the surface tension of 
water will act over the area exposed, its magnitude compared to 
the weight of the grain will increase with decrease in size. Finally, 
he assumes that a balance between weight and surface tension 
will be reached, such that no further rupture of the film of water 
surrounding the grain can take place, and hence all wear will 
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cease. 


VICTOR ZIEGLER 


Thus Goodchild concludes that the factor limiting the 


amount of wear possible on submerged bodies, is surface tension. 








Experimental work.—As stated before, in the movement of 
bodies through water resistance due to three causes must be 
EXPERIMENTS 
1. D Glycerin Water Alcohol 
( lerile ( 4 . 
2 Collision Collision Collision 
1} Collision Collision Collision 
13-3 ? Repulsion Collision Collision 
ca. 3 Repulsion ? Collision ? Collision 
I Repulsion Repulsion ? Repulsion ? 
Chron 4.5 
2 Repulsion Collision Collision 
2—1} Repulsion ? Collision ? Collision 
1-3 Strong Repulsion  Repulsion Collision 
ca Strong Repulsion Repulsion ? Repulsion 
Strong Repulsion Repulsion ? Repulsion ? 
VUuar 
2 Collision Collision Collision 
? Repulsion Collision Collision 
I Repulsion Repulsion ? Repulsion 
Repulsion Repulsion ? Repulsion ? 
G ” 3 
Collision Collision Collision 
? Repulsion Collision Collision 
13-? ? Repulsion Repulsion ? Collision 
ca ? Repulsion Repulsion ? Repulsion 
Repulsion Repulsion Repulsion 
1 nthe 
L Collision Collision 
? Collision ? Collision 
14-1 Repulsion Repulsion 
3 Repulsion Repulsion 
; Repulsion Repulsion 
7 y 
DATA 
‘ S I \ 
(; I 5 Ot 5 oO. 
\\ 71 I 
Ale Sd 3.4 Ol! 
overcome, viz., viscosity, skin-friction, and wave-resistance. 
Unless these three factors are overcome, grains cannot collide. 
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The effect of surface tension, however, is one aiding wear, since 
it tends to draw grains together in its effort to force the water to 
assume the least area permissible under the conditions to which 
it is subject. Thus viscosity, since it is the most potent of the 
three factors mentioned, limits the minimum size to which wear 
takes place. The energy of the particle must overcome the viscos- 
ity to allow collision. Since the velocity of different grains in 
water is roughly equivalent, their energy varies directly with the 
size, the larger grains only having enough power to overcome 
viscosity. In the case of small grains the water acts as a cushion 
preventing actual collision, or checking the velocity of contact. 
ro show the action of viscosity in preventing collisions of grains 
the following experiments were performed. 

Grains were dropped down long glass tubes filled with liquids 
of different viscosities, and the action at the meeting of the grains 
was observed. Grains of different specific gravities 


were taken so as to overcome the difference in the 





specific gravities of the liquids. 4 
Again an experiment was performed (Fig. 3) A 
in which the glycerin was allowed to run from the 
reservoir C through the tube AA down which the 
different grains were dropped. The results were 
practically identical with those above. 
It will be noted that the surface tensions of A 
water and glycerin are nearly the same, but that Fic. 3 


the viscosities are in the ratio of eighty to one. 

In the case of glycerin it was apparently impossible for the grains 
of small diameter to collide. Whenever a larger grain would over- 
take a smaller and slower falling one, there was an apparent repul- 
sion between the two as they were held apart by the viscosity. 
In small and light grains the repulsion appeared violent so that 
often a clearing space of a quarter of an inch was shown by grains 
that apparently were going to collide. As can be seen from the 
table, in the case of water the protection against collision was 
much less. Small grains of quartz, less than 1 mm. in diameter 
showed fairly strong repulsion, but above that size collisions were 
the rule. Again in the case of alcohol, with a surface tension of 
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23.4 and a viscosity of o.o11, repulsion was only noticed in the 
finest grains. 


SUMMARY 


The results of these experiments seem to show that viscosity 
is the factor protecting grains from wear. Viscosity will not 
only prevent the wear of the smaller grains, but it will also act 
as a buffer and will greatly lessen the velocity of grains when about 
to collide with each other or with the bottom of the river. In 
view of the results it seems improbable to the writer that grains 
less than 0.75 mm. in diameter could be well rounded under water. 
Well-rounded grains of about this and smaller diameter appear 
to be the result of wind work, in which case the protecting factor, 
viscosity, would be practically zero, so that there would be no 
limit to the minimum size attainable by wear. 




















THE UNCONFORMITY BETWEEN THE BEDFORD AND 


BEREA FORMATIONS OF NORTHERN OHIO! 


WILBUR GREELEY BURROUGHS 
Oberlin, Ohio 


In Lorain County of northern Ohio, 30 to 40 miles west of 
Cleveland, occurs a striking unconformity between the Bedford 
and Berea formations. In Ohio the Bedford formation is the low- 
est member of the Waverly group, Mississippian system. It is an 
argillaceous shale, the lower portion being a dark bluish gray, the 
upper portion a chocolate or dark red color. The Berea formation 
above is a bluish-gray, fine-grained sandstone. 

STRUCTURE OF THE BEDFORD AND BEREA FORMATIONS 

Dynamic movements of the region have taken place since the 
laying-down of the Berea sandstone, both formations being uni- 
formly folded. The general structure is that of a syncline whose 
axis runs northeast and southwest. The red Bedford shale comes 
to the surface on either side of this trough, which averages about 
two miles in width. <A great deal of the sandstone in the syncline 
itself has been eroded away, exposing the red Bedford shale beneath. 
The large rock trough contains minor anticlines and synclines, with 
axes parallel to that of the large syncline. A compressional force 
from the east and west has folded the axis of the northeast- 
southwest syncline into a series of anticlines and synclines. At 
South Amherst, in the region under discussion, the axis of the large 
syncline is plunging toward the east. 

LENSES OF BEREA SANDSTONE IN THE HORIZON OF THE BEDFORD 
SHALE 

The Bedford forms steep banks where the streams cut against 
it. As one goes along Beaver Creek, which flows just east of the 

‘ The writer wishes to thank Professor G. D. Hubbard, of Oberlin College, for 
criticism of the manuscript. The work was done in the Department of Geology at 


Oberlin College. 
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Berea sandstone quarries at South Amherst, or Chance Creek on 
the west, he will occasionally find the high banks covered by a 
mass of Berea sandstone talus. This débris came from a lens of 
sandstone in situ at the top of the bank, extending for 50 to too 
feet on the horizontal, and flanked on either side by red Bedford 
shale. In places the sandstone is in thin beds 2 to 3 inches thick, 
at other plac es in massive beds 3 to 4 feet thick. The lenses range 
from 1o to 50 feet in total thickness. Their long axes run ina 
general westward direction. No evidence of slumping is found in 
connection with the banks at and in the vicinity of these lenses. 
Neither can they be the bottom of synclinal troughs, for the dips 
of their minor axes are not great enough to bring the sandstone to 
the top of the bank of Bedford shale. The only answer to the 
question of their origin is that there were once channels and depres- 
sions in the Bedford shale which, on being filled with sand, ulti- 
mately formed (in cross-section) the lenses as they now exist. 

So far as the writer is aware, nothing has ever been published 
regarding this unconformity between the Bedford and Berea forma- 
tions of northern Ohio, save in the Ohio Geological Survey Report, 
Vol. II, published in 1874. This report mentions lenses in the 
horizon of the Bedford shale north of Elyria, which is to the east- 
ward of the region under discussion in this article. On p. 91 we 
read, referring to the erosion of the Bedford prior to the deposition 
of the Berea: “It is probably due to this fact that the red shale is 
so frequently found to be wanting in the section.”’ 

Mr. H. E. Adams, superintendent of the Ohio quarry at South 
Amherst, Ohio, states that in the extreme southeast corner of 
Lorain County, Berea grit occurs in lenses in the horizon of the 
red Bedford shale exactly in the same manner as at South Amherst. 

The Bedford-Berea unconformity is not confined to Lorain 
County, Ohio. Dr. Hubbard is authority for the statements that 
“an unconformity occurs at the same horizon in northwestern 
Fairfield County near Lithopolis; and Professor Prosser believes 
a similar break exists at the same horizon near Cleveland, Ohio, 
but further work is there necessary.” 

The sand-filled troughs in the erosion plane of the Bedford 


formation which are visible along the streams are small and insig- 
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nificant in comparison with the channels and valleys whose exist- 
ence is made known by the drill of the quarry-men. 

The deepest of these sand-filled depressions is that in which is 
located the quarry of the Ohio Stone Company (Fig. 1). This 


quarry is situated on the outskirts of South Amherst, Lorain 


Fic. 1 


Horizontal and vertical scale line HH—S = 400 feet. -- V=North. Line 
{—D=elevation of 600 feet above sea-level. B=Bedford shale. Bs=Berea sand- 
stone. G=glacial drift. O=Ohio quarry. .12=Malone quarry. C=No. 6 quarry, 


Cleveland Stone Co. 


County, Ohio. The pit has been sunk along the axis of an anti- 
clinal fold which runs in a southwesterly direction. The anticline 





plunges eastward with a dip of 3°. The south flank of the fold in 
the quarry has a dip of 6° to the southeast; the north side dips 7° 
northwest. The great thickness of the sandstone, 217 feet, is due 
to the sand-filled channel of the eroded Bedford horizon. That 
this is true is shown by drillings and the structure of the strata in 
the vicinity. One hundred feet southwest of the edge of the quarry 
on the same level as the top of the quarry pit, the drill went 60 
feet thorugh glacial drift and came upon Bedford shale without 
encountering any sandstone, and yet the strata in the pit were 
dipping in that general direction. In the quarry 217 feet of sand- 
stone were passed ‘through before striking Bedford shale. Four 
hundred feet on the horizontal from the north side of the quarry 
the strata dip toward the southeast. One thousand feet on the 
horizontal from this north side of the Ohio quarry, and on the same 
level as the top of the quarry, another quarry, the Malone, has 
gone down 100 feet through massive sandstone to the Bedford shale. 
Here the strata still dip to the southeast; the dip is 7°. Thus a 
small syncline lies between these two quarries. The dips of the 
strata are not great enough to carry the sandstone to the depth 
reached in the Ohio quarry even though the syncline did not exist. 
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rherefore the Ohio quarry is located in a depression of the eroded 
horizon of the Bedford shale. The Ohio pit is 175 feet wide, yet 
neither bank of the Bedford channel in the quarry has been reached. 

By drill and well records, the writer has traced this channel, in 
which is the Ohio quarry, for a distance of three and one-half miles 
to the southwestward where it outcrops on the steep valley slopes 
of a stream known as Chance Creek. Here the lens of sandstone 
is 50 feet wide and 15 feet thick. On both sides and at the bottom 
the sandstone lies directly against the red Bedford shale. The 
decreasing of the channel in depth and width as it went south- 
westward indicates that the stream flowed from the southwest 
toward the east. 

Beaver Creek flows a little less than one-half mile east of the 
Malone quarry. Here no sandstone is found along the banks, in 
spite of the fact that the axis of the anticline is plunging in that 
direction at an angle of 3°. The outcrops of Bedford shale at this 
place on the creek are 30 to 40 feet lower in elevation than the top 
of the sandstone at the Malone quarry, where the sandstone is too 
feet thick. Still, if the Malone quarry deposit of Berea grit is not 
a sandstone-filled depression in the Bedford shale, the sandstone 
should outcrop at Beaver Creek, which it does not do. This quarry 
therefore also is located in a lens of sandstone in the horizon of the 
Bedford shale. 

A short distance farther north of the Malone quarry is No. 6 
quarry of the Cleveland Stone Company. Structurally this quarry 
is on the southward-dipping flank of an anticline whose axis runs 
in a southwesterly direction. The average dip is 8°. The axis 
itself is folded into a low, small anticline in the west portion of the 
quarry. Here, as elsewhere in the region, the sudden great thick- 
ness of sandstone cannot be accounted for save as a sand-filled 
channel of the eroded horizon of the Bedford shale. Although the 
long axis of No. 6 quarry does not exactly coincide with the direc- 
tion of the channel in which it is located, yet, both being in nearly 
the same westerly direction, the size of the pit gives some idea as 
to the size of the valley in the Bedford formation. The quarry is 
2,632 feet long, has an average width of 460 feet, and a depth of 


from 100 to 175 feet. 
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BLUE SHALE AT THE UNCONFORMITY 


In the bottom of all these deep channels in the horizon of the 
red Bedford shale is a soft, dark-blue shale, three to four feet thick. 
This blue shale is not found beneath the sandstone of the small 
lenses in the Bedford horizon, nor is it found at any given horizon. 
The bottoms of the quarries are at different depths with the dip of 
the strata too slight to bring this blue shale to all the quarry floors. 
rhe outcrop of the Ohio quarry channel on Chance Creek had no 
blue shale beneath the sandstone, the sandstone resting directly 
upon red Bedford shale. Yet this blue shale is found underlying 
the sandstone in the Ohio pit. 

The reason for the location of this blue shale may be the follow- 
ing: The lower and deeper portions of the valleys of the Bedford 
streams became drowned. Sediment carried by the rivers into 
these quiet bodies of water was deposited and eventually formed 
this blue shale which occurs between the red Bedford shale and the 
Berea sandstone. 

Dr. Hubbard and the writer made a careful search for fossils in 
this blue shale, but none were found. 


CONCLUSION 

Starting a few miles east of Sandusky, Ohio, and extending 
eastward to Cleveland, Ohio, there is a well-defined unconformity 
between the Bedford and Berea formations. The unconformity, 
however, extends over a greater area than the region above defined, 
as it has been noted as far south as Fairfield County, Ohio. 

During the period that the Bedford horizon was above the level 
of the sea, its surface was dissected, streams cutting deep channels 
and wide valleys. The lower portions of these valleys became 
drowned. In the quiet water thus formed, the rivers deposited 
sediment which later became a blue shale, logically belonging to 
the Berea formation. 

The entire Bedford land area gradually was submerged, and the 
Berea sandstone formation was laid down. 








E-DITORIAL 


In recent years there has been a notable increase in the desire for 
the use of photographic illustrations on the part of authors of 
articles submitted to the Journal. To an increasing extent such 
use is coming to be more than a merely helpful or ornamental acces- 
sory; it is often an essential means to an adequate presentation of 
results. In a like manner there has been a marked growth in the 
use of maps, sections, diagrams, and other graphic matter, as also 
of analyses, computations, statistics, and similar matter assembled 
in tabular and diagrammatic forms. It seems inevitable that the 
proportion of these classes of relatively expensive matter will con- 
tinue to become greater. To this imperative increase in the expense 
of properly illustrating the matter of the Journal, there is added the 
greater cost of printing and publishing resulting from the general 
advance in prices. To meet the demands of these changed condi- 
tions, it has been decided to raise the price of the Journal to sub- 
scribers, beginning with the twentieth volume, except that current 
subscribers may renew their subscriptions for one year at the present 
rate if they do so previous to July 1, 1912. Details may be found 
in the Publishers’ notice in the advertising section of this issue. 
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Ueber Erythrosuchus, Vertreter der neuen Reptilordnung Pelyco- 
simia. By F. VON Ht ENE. Geologische und paleontologische 
Abhandlungen, X (1911). Pp. 58; plates rr. 

The genus Erythrosuchus was described five years ago by Dr. R. 
Broom, from the Triassic of South Africa; it was referred by him to 
the Phytosauria, from which it differs especially in having terminal 
nares and short premaxillae. Dr. Heune, after a careful study of the 
known remains of the genus, reaches, in the above-cited paper, the 
startling conclusion that the genus represents a new order of reptiles 
allied to the Pelycosauria; that is, that it is a branch from the root- 
stem of that group (“Zweig von der Wurzel der Pelycosaurien”’ 
\side from the differential characters already mentioned, Erythrosuchus 
differs from the phytosaurs chiefly in the structure of the limbs, which 
seem to resemble more those of the pelycosaurs and other primitive 
reptiles. The skull, as Huene admits, has “viele und auffallende 
Ubereinstimmungen mit den Phytosaurien,” in its two temporal 
vacuities, the absence of additional temporal bones, antorbital vacui- 
ties, etc. The vertebrae also, are of the archosaurian type, differing 
especially from those of the Pelycosauria in the shallow concavities of 
their centra, the absence of intercentra, and especially in the articula- 
tion of the dorsal ribs. It is an important fact, which the author does 
not seem to appreciate, that the mode of rib articulation is highly 
characteristic of the reptilian orders. It may be set down as a funda- 
mental taxonomic principle that no related groups of reptiles, or other 
vertebrates differ materially in the way in which the dorsal ribs articu- 
late with their vertebrae. All the archosaurian reptiles are alike in 
this respect—double-headed ribs articulating with the diapophyses of 


least posteriorly—a character found in no 


the arches exclusively, at 
other vertebrates. And this is the condition in Erythrosuchus, a char- 
acter in itself sufficient to fix its position among the Archosauria, and 
by Archosauria I mean the Crocodilia, Dinosauria, Pterosauria, and 
Parasuchia. The Sauropterygia, it is true, also have the dorsal ribs 
attached exclusively to the diapophyses, but the ribs show no division 
into capitulum and tuberculum, differentiating the order sharply. 
Under the Sauropterygia I include only the Nothodontia and Plesio- 


sauria—the Mesosauria, which are sometimes included in the order, 
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belong, I am satisfied, with the Theromorpha. The Pelycosauria, like 
other primitive reptiles, have the ribs attached invariably to the inter- 
central space and the diapophysis; that is, they are double-headed 
throughout, while the Cotylosauria, with like attachments, may have 
the articulation continuous from head to tubercle. 

In the pectoral girdle about all the difference that Erythrosuchus 
presents from the phytosaurs is a distinct supracoracoid foramen 
precisely the character that would be expected in the more primitive 
form; and the pelvis, while agreeing in the main with the phytosaurs, 
differs very materially from that of the pelycosaurs. The chief differ- 
ences that the author finds allying the genus to the pelycosaurs, are, 
as stated, found in the limbs: “ Erythrosuchus kann, trotz der vielen 
Ahnlichkeit iiberhaupt, kein Parasuchien sein, da das Femur besonders 
in der Bildung des Proximalendes mit den primitiven und Alteren 
Pelycosaurien und Cotylosaurien ... . véllig iibereinstimmt.’’ Ad- 
mitting this “complete agreement” of the proximal end of the femur 
between Erythrosuchus and the Pelycosauria and Cotylosauria, can one 
not conceive that the resemblances have been brought about by 
adaptation to like conditions, that the characters are adaptive and not 
genetic here, as so often elsewhere? But I do not admit this complete 
agreement. There is much variation in the femora of the cotylosaurs 
ind pelycosaurs, as witness those of Dimetrodon, Araeoscelis, Diadectes, 
Seymouria, and Labidosauru Che humerus of Erythrosuchus, although 





it has a large lateral process and greatly expanded ends, differs materi- 
ally from that of the pelycosaurs and cotylosaurs in the absence of the 
entocondylar foramen. One does not refer the moles to a distinct 
order of mammals because of the differences in the humeri from other 
rodents. 

Che skull structure of Erythrosuchus, with its upper temporal and 
intorbital vacuities, is so much at variance with the theromorph rep- 
tiles, that I can see no possible evidence of genetic relationships between 
them. Unless Huene would make the Archosauria a part of the same 
branch, from the root of the Pelycosauria, he attempts to prove too 
much, for he would make the Pelycosimia a distinct branch or phylum 
of the reptilia and entitled to more than ordinal distinction. He classes 
the Pelycosauria with the single-arched reptiles and is correct in so 
doing, but I confess I am not quite clear as to the real distinctions 
etween upper and lower temporal vacuities in such reptiles. Nor 


loes Huene seem to be either, as witness the following quotations: 


Op. cit. page 41, second paragraph: “Da bei Deuterosaurus das 
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Postorbitale den unteren Rand der einzigen Schliifenéffnung begrenzt, 
ist sie als die oberen aufzufassen, und sie sind, im Gegensatz zu den 
ebenfalls monozygocrotaphen Pelycosaurien und Therapsida als ‘hypo- 
zygocrotaphen’ zu bezeichnen.”’ 

Same page, fourth paragraph: ‘Alle Therapsida (mit warscheinlicher 
Ausnahme von Cynognathus) besitzen bekanntlich nur eine einzige 
Schlafenéfinung, die der oberen entspricht (italics mine). Darin und in 
der Forme des Quadratums stimmen sie alle mit den Deuterosaurien,”’ etc. 

Page 43, second paragraph: ‘‘Da die untere Schlafenéffnung nicht 
entwickelt, resp. nach unten nicht geschlossen ist, fehlt den Therapsiden 
das Quadratojugale,”’ etc. 

Same page, third paragraph: ‘Da bei den Therapsiden das Postor- 
bitale und Postfrontale an der oberen Ecke der Schlifenéfinung liegen, 
ist letztere als untere Schlifenéffnung aufzufassen, die Therapsiden 
sind also katazygocrotaph.”’ 

From personal conversation with Dr. Huene I know that the last 
statement expresses his real views; but nevertheless the flat contra- 
dictions on these two pages indicate an unsettled opinion. As I have 
already stated (American Permian Vertebrates, p. 92) Broom has figured 
Tapinocephalus with the postorbital and squamosal in broad contact, 
but he nevertheless holds that the vacuity above them is the “lower” 
one. One must therefore wait for further light on the subject before 
accepting their views. 

And there is much confusion also about the quadratojugal bone. 
It is known to occur in only one genus of the Therapsida, Dinocephalus, 
but both Broom and Huene insist that it is present in the Pelycosauria, 
and Broom has figured it in Dimetrodon. But, a study of the material 
in the University of Chicago—material in which this region is preserved 
most perfectly—enables me to say positively that there is no such 
suture or foramen in the lower arch as Broom gives. That a very small, 
vestigial quadratojugal bone may occur at the extreme posterior end 
of the jugal is possible, but I have never seen any satisfactory evidence 
of it, and I doubt its presence, as does also Professor Case. 

In brief my own opinion is that Broom was quite right when he referred 
Erythrosuchus to the Phytosauria, using the term in a wide sense as a 
synonym of Parasuchia. In any event Erythrosuchus is an archosaurian 
reptile with no direct affinities with the Pelycosauria. 

In expressing these differences of opinion I would in no wise depre- 
cate the value of Dr. Huene’s paper. It is a useful one and may be 


perused with profit. 
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made of my figure of the pelvis of Eubrachiosaurus Will. (p. 49). The 


conclusion I wish to protest against the restoration Huene has 


outlines as I gave them are essentially correct, and the bones do uot 
belong on the right side. As to the distinction of the genus from 


Placerias Lucas, I am, however, not so sure. 


S. W. WILLISTON 


The Monroe Formation of Southern Michigan and Adjoining Regions. 
By A. W. GrRaBAU AND W. H. SHeERzeER. [Michigan Geo 
logical and Biological Survey. Publication 2. Geological 
Series 1 

Chis report describes a series of Paleozoic beds and their faunas which 
have their greatest development in southeastern Michigan and the 
adjacent portions of Ontario and Ohio. In the past these strata, which 
constitute the Monroe formation, have been much misunderstood, and 
their importance in the Paleozoic section of the region has been greatly 
underestimated. The maximum thickness of the formation is about 
1,200 feet. 

Che Monroe asa whole is divided into two series of dolomitic beds, 
the Lower and Upper Monroe, separated by the Sylvania sandstones, 
a bed of exceptionally pure, white, and almost incoherent sand in its 
more typical development, but merging into arenaceous dolomites in 
its less typical expression. The maximum thickness of the Sylvania 
is 300 feet, and the peculiar nature of the formation is explained on the 
hypothesis that it is an aeolian deposit laid down under essentially desert 
conditions, the original source of the material being the exposures of the 
Saint Peter sandstone to the northwest in Wisconsin. 

The Monroe faunas are described in detail and are illustrated by 
twenty-five plates; 126 species in all are defined, many of them new 


the wo 


forms, and seven new genera are proposed. The faunas o 
divisions of the Monroe are shown to be essentially different, there being 
almost no species in common. The Lower Monroe faunas are all late 
Silurian in aspect, being more or less closely related to the Manilus and 
tern New York. In the lower divisions of 
the Upper Monroe l conspicuous coral element appears which was 
entirely lacking in the Lower Monroe faunas, and among these corals 
are many strikingly Devonian forms; among the brachiopods are found 


both Devonian and Silurian types, the pelecypods are Devonian while 


the gastropods and cephalopods are essentially Silurian in aspect. 
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Lying above the beds carrying the strikingly Devonian fauna of the 
Upper Monroe, is the Lucas dolomite, the youngest member of the 
series, in which the fauna is Silurian in aspect throughout. 

In their correlation of the Monroe series the authors adopt a new 
arrangement of the North American Silurian formations, as follows: 

1) Lower Silurian or Niagaran, (2) Middle Silurian or Salinan, (3) Upper 
Silurian of Monroan. The Lower Monroe is said to be unrepresented 
in either western or eastern New York, but is correlated with the so- 
called “Salina”? and the lower portion of the Corrigan formation of 
Maryland. The lower portion of the Upper Monroe is correlated with 
the Bertie waterlime and Akron dolomite of western New York, and with 
the Rosendale waterlime and Cobleskill of eastern New York. An 
equivalent of the Lucas dolomite is wanting in western New York but 
it is represented by the Rondout and Manlius of eastern New York and 
by the Corrigan formation of Maryland. 

In a discussion of the paleogeography of Monroe times it is suggested 
that the faunas of Silurian aspect in the Lower Monroe and in the Lucas 
dolomite have had an Atlantic origin, while the faunas with the notable 
Devonian expression in the Upper Monroe below the Lucas dolomite 


have come in from the north. 


5. W. 


The Fossils and Stratigraphy of the Middle Devonic of Wisconsin. 
By HerpMAN F. CLetanp. [Wisconsin Geological and 
Natural History Survey, Bulletin No. XXTI_| 

The Devonian faunas occurring in the neighborhood of Milwaukee 
and Lake Church, Wisconsin, are of especial interest to students of 

Paleozoic historical geology because of their intermediate geographic 

position between the much better known Devonian faunas of New York 

and of Iowa. The-present report by Dr. Cleland records a complete 
census of these faunas with detailed descriptions of the species, accom- 
panied by fifty-three plates of illustrations. Something over 200 species 
are recognized. Of the total number of species 81 occur in Devonian 


faunas east of Wisconsin, mostly in New York, while 48 species occur 


in the Devonian of Iowa and other localities to the west. This mingling 
of the eastern and western faunas of late Middle and early Upper Devo- 
nian time in the Milwaukee region has been pointed out before, but here 
for the first time do we have a full statement of the evidence. 


Ss. W 
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Yorkshire Type Ammonites. Part III. Edited by S. S. BucKMAN. 

Che scope of this work has been defined in a notice of the earlier 
parts. The present instalment includes the original descriptions with 
additional notes by the editor, and figures of the type specimens, of 
eight species, bringing the total number of species now defined and 


illustrated up to thirty 


S.W 


Report on Traverse through the Southern Part of the Northwest 
Territories from La Seul to Cat Lake in 1902. By ALFRED G. 


Witson. [Geol. Survey of Canada, No. 1006.| Pp. 21. 
Che district traversed was wholly an area of Archaean rock (schists 
and granites). Many of the granites were notable on account of the 


large amount of microcline contained. Schists were mainly basic, biotite, 
and amphibole schists. Glacial striae indicated a general glacial move- 


ment S.W. to W.S.W. 
m. Cc. Cc. 


Resources of Illinois with Special Reference to the Area Outside 
of the Southeastern Fields. By RAyMmMonp S. BLATCHLEY. 
Bull. Illinois State Geological Survey No. 16, pp. 7-138]; 
Plates 13, Figs. 2. 

In this report the author presents a general review of the geology of 
Illinois as applied to the petroleum industry. He tabulates and repre- 
sents graphically a number of well records which are chosen to furnish 
a series of sections running in different directions across the central and 


southern part of the state. The No. 6 coal bed furnishes a key horizon, 


the underlying formations lying generally parallel with it. In a few 


f the better-explored areas this horizon is mapped in contour. 


Weteor Crater (Formerly Called Coon Mountain or Coon Butte) in 
Vorthern Central Arizona. By D. M. BARRINGER. Read 
before the National Academy of Sciences at Its Autumn 
Meeting at Princeton University, November 16, 1909. Pp. 24; 
Plates 18, Maps 


There seems to be no doubt that the so-called crater is the work 


of a falling meteorite. The author has made a careful and detailed 
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study of the whole region and finds abundant evidence which renders 
any other hypothesis untenable. The question as to what has become 
of the projectile still remains snsiiiliek There are three possibilities: 
1) that it was broken into many small pieces and thrown out of the 
crater; (2) that it has disappeared within the crater through oxidation 
or some other cause; (3) that it is still somewhere in some form in the 
depths of the crater. The author concludes that the last is the true 
explanation and that the remains of the meteorite may yet be found 


Age and Relations of the Little Falls Dolomite (Calciferous) of the 
Mohawk Valley. By E. O. ULRicu Anp H. P. Cr SHING. 
[N.Y. State Museum Bulletin 140, Sixth Report of the Director 
1g0Q, PP. 97 140.| 

To clear up some uncertainty as to the exact stratigraphic relation- 
ships of the Little Falls Dolomite, a series of sections in the Mohawk 

Valley were studied by the authors and described and correlated in detail. 

The formation was found to be in conformable sequence with the Theresa 

formation and the Potsdam sandstone below and separated by an uncon- 

formity from Beekmantown beds above. The paper concludes with a 

strong argument for the adoption of the proposed Ozarkian system of 

which the Little Falls Dolomite is a member. 


E. R. 1 
Re port of the Vermont State Geologist, 1909-1910. By G. H. PEr- 
KINS AND OTHERS. Pp. 361; Plates 71, Figs. 31. 

The report contains the following papers: ‘History and Condition 
of the State Cabinet,” by G. H. Perkins, pp. 1-75; ‘The Granites of 
Vermont,”’ by T. N. Dale, | Dp. 77-1907; The Surticial Geol gv of the 
Champlain Basin,” by C. HL. Hitchcock, pp. 199-212: ‘ Trilobites of 


the Chazy of the Champlain Valley,” by P. E. Raymond, pp. 213-28; 
Geology of the Burlington Quadrangle,’ by G. H. Perkins, pp. 240 
56; “Preliminary nape on the Geology of Addison County,” by H. M. 
Seely, pp. 257-313; ‘‘Asbestos in Vermont,” by C. H. Richardson, pp. 
315-30; “ Mineral Resources,” by G. H. Perkins, pp. 331-52. 
Eight plates illustrate the trilobites of the Chazy and ten the tauna 
of the Fort Cassin beds (Beekmantown) which are found in Addison 
County. 
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Towa Geological Survey, Vol. XX. Annual Report, 1909, with 
lccompanying Papers. By SAMUEL CALVIN, State Geologist, 

and Others. Pp. 542; Plates 42, Maps ro, Figs. 42. 

[he report contains the following papers: “Geology of Butler 
County,” by Melvin F. Arey, pp. 1-60; “Geology of Grundy County,” 
by Melvin F. Arey, pp. 60-96; “Geology of Hamilton and Wright 
Counties,’ by Thomas H. MacBride, pp. 97-150; “Geology of Iowa 
County, . by S. W. Stookey, pp. 151-995; “ Geology of Wayne County igs 
by Melvin F. Arey, pp. 199-236; ‘Geology of Poweshiek County,’ 
by S. W. Stookey, pp. 236-70; “Geology of Harrison and Monona 
Counties,” by B. Shimek, pp. 271-486; “Geology of Davis County,’ 
by Melvin F. Arey, pp. 487-524. 

Shimek’s report on the geology of Harrison and Monona counties 
contains a detailed description of the mammalian fauna recently dis- 
covered in the Aftonian interglacial deposits. hese are especially 
important, since in only one other instance in North America has it beer 
possible to determine definitely the age of a Pleistocene mammalian 
fauna. Preliminary reports and descriptions of this fauna have bee 
published by Shimek and by Calvin in Science and in the Bulletins of 


the Geological Society of America. 


é 


Practical Mineralogy Simplified. For Mining Students, Miners. 
and Prospectors. By Jesse PERRY Rowe. New York: John 
Wiley & Sons, 1911. Pp. 162. 

This textbook is arranged to give a few special or characteristic 
properties or tests for the common minerals, that will enable persons 


i 
unskilled in chemistry or mineralogy to identify them by simple methods. 


llarranged. It will doubtless serve a useful purpose. 


w. mE. 


It is reas ble and we 
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